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ABSTRACT

A depositional model accounting for the stratigraphic
sequences which accumulate during a marine transgression
across a dissected coastal plain aids in understanding the
geologic history of southeastern Virginia and northeastern
North Carolina.
Application of this model to the Shirley
Formation (middle Pleistocene) and the Sedgefield and
Lynnhaven members of the Tabb Formation (late Pleistocene)
allows delineation of 1) the facies within, 2) the areal
extent of, and 3) the landforms associated with these
lithostratigraphic units.
Facies within each lithostratigraphic unit consist of
1) a vertical succession from local, basal, channel-fill
deposits and coarse, basal, lag-deposits which grade upward
into finer-grained deposits of estuaries or protected
embayments or into medium to coarse sands of former b ar
riers and 2) a lateral succession seaward from estuarine
deposits to sediments of protected embayments and barriers.
Sediment textures, sedimentary bedding-structures, fossils
and plant detritus aid in interpreting paleoenvironments
within each lithostratigraphic unit.
Each lithostratigraphic unit corresponds to a separate
marine transgression.
Valleys formed during low stands of
sea level subsequently widened and filled during the
succeeding marine transgression.
Coarse sediments accumu
lated along the shoreline as the sea advanced landward,
forming a discontinuous sheet of basal lag-deposits.
Finer-grained deposits accumulated in estuaries or protec
ted embayments and intertongue with or are covered by
landward-migrating barrier deposits along the seaward
margin of each lithostratigraphic unit.
Three middle and
late Pleistocene sea-level oscillations are thus recorded
in deposits of southeastern Virginia and northeastern North
Carolina.
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INTRODUCTION

GENERAL STATEMENTS

The late Cenozoic stratigraphic succession and land
forms preserved between the Rappahannock and Chowan rivers
in the Coastal Plain Province of southeastern Virginia and
northeastern North Carolina

(Figure 1) resulted from three

marine transgressive-regressive cycles.

Each stratigraphic

unit consists of lithofacies which grade both laterally and
vertically into each other.

Sediments within the litho

facies accumulated in coastal environments analogous to
those presently along the modern Atlantic coastal zone.
The stratigraphic units are separated from each other by
unconformities.
Depositional terraces and erosional scarps are the
dominant landforms within the study area.

The terraces are

separated by scarps and are progressively lower and younger
both seaward and toward the major rivers.

The sediments

beneath each terrace were deposited during marine trans
gressions. Estuarine and back-barrier deposits formed
aggradational,
position.

flat surfaces in response to sea-level

When sea level dropped,

the depositional ter

races remained.

2
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Figure 1.

Map showing location of the study area.
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4
Shoreline erosion accompanied each marine transgres
sion.

The landwardmost extent of each marine transgression

is marked by an erosional scarp which indicates the shore
line's position.

Because erosion and mass wastage have

altered the initial geomorphic expression, the present
elevation of any scarp can only approximate the position of
sea level during the time when the scarp formed.

In areas

where erosion was minimal, there is no discernable scarp.
In such areas it is necessary to determine shoreline
position by observing the sediments and by extrapolation
from adjacent areas.
Although previous publications on localities within
the study area provide descriptions of local stratigraphy
(Oaks and Coch,
others,

1973: Johnson,

1972, 1976; Mixon and

1982; Darby, 1983) , no coherent model has been

proposed which adequately explains the regional, late
Cenozoic, geologic history.

Such a model is presented

herein to describe the processes of, as well as the strati
graphy and landforms which result from, a marine trans
gression across a dissected coastal plain.

Using this

transgression model, it has been possible to unravel the
regional stratigraphic relationships and to interpret the
middle and late Pleistocene geologic history.

The model

also appears applicable to late Tertiary and early Pleis
tocene deposits.
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5
HYPOTHESES

This study tests two hypotheses.

The first hypothesis

is that a predictable stratigraphic succession and geomorphic expression result from a marine transgression across a
dissected coastal plain of low relief.

A conceptual model

is presented to 1) account for the processes which are
active during a marine transgression and 2) prescribe the
stratigraphy and landforms which result from marine
transgressive-regressive cycles.

The test for this first

hypothesis is whether or not the stratigraphy and landforms
of the study area conform to those predicted in the model.
It is thus necessary to collect new data, integrate the new
data with that of previously published studies, interpret
paleoenvironments from sedimentologic and paleontologic
data, and delineate landforms associated with the various
formations.
The second hypothesis is that the stratigraphic
succession and landforms of the Coastal Plain Province in
southeastern Virginia and northeastern North Carolina in
proximity to the Suffolk scarp is the product of at least
three separate, middle and late Pleistocene marine trans
gressions.

The tests for this hypothesis are 1) whether or

not the stratigraphic units in the area are separated from
each other by unconformities and 2) whether or not each
stratigraphic unit resulted form a marine transgression.
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This necessitates delineating the facies relationships,
unconformable contacts, and areal extent of each strati
graphic unit.

OBJECTIVES

The primary objective of this study is to test the
depositional model, thus demonstrating that each Pleisto
cene stratigraphic unit in the study area resulted from a
marine transgression across a dissected coastal plain, and
that this resulted in a predictable stratigraphic succes
sion and geomorphic expression.
are the attendant objectives:

In conjunction with this

1) to describe and map the

distribution of middle and late Pleistocene sediments and
landforms in the study area, 2) to interpret paleoenvironments based on sedimentologic, stratigraphic, geomorphic,
and paleontologic evidence, and 3) to demonstrate that the
middle and late Pleistocene stratigraphic sucession and
landforms in the study area resulted from three marine
transgressions.

DIFFERENCES BETWEEN THIS STUDY AND PREVIOUS PUBLICATIONS

Previous studies of localities within the Outer
Coastal Plain Province of southeastern Virginia
1968,

1971; Oaks and Coch, 1973; Johnson,

(Coch,

1972, 1976) have

served, in part, as a basis for later publications on the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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stratigraphy of the area

(Barker and Bjorken, 1978; Mixon

and others, 1982; Jasper,

1983; Darby, 1982).

However,

none of these publications proposes a model to explain the
observed stratigraphic variations.

Consequently,

litho-

facies within particular formations have been assigned
formational status

(the Norfolk, Sandbridge, Kempsville,

Londonbridge, and Great Bridge formations)

and different

stratigraphic units separated by unconformities have been
assigned to the same formation

(Norfolk Formation).

Discrepancies among various publications have resulted in
confusion with regard to regional correlation and interpre
tations of geologic history.
By using the transgression model presented herein to
account for the stratigraphy and landforms created by a
marine transgression across a dissected coastal plain,

it

is possible to recognize vertical and lateral facies
relationships within the various stratigraphic units, as
well as unconformable contacts between different strati
graphic units.

Consequently, it is possible to correlate

these units regionally.

Furthermore, regional correlation

of the stratigraphic units allows for a simplified,
coherent nomenclature.
Recognition of regional landforms facilitates a
unified geomorphic nomenclature. This simplified nomencla
ture utilizes previously established names of local
landforms as sections of regional landforms and introduces

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

new local names where necessary to clarify landform loca
tions.

The local names signify ridges and swales as well

as sections of regional terraces.

Also, the scarp names

have been extended and delineated where appropriate.
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A CONCEPTUAL MODEL FOR THE DEVELOPMENT OF
COASTAL PLAN LANDFORMS AND STRATIGRAPHY
CREATED BY A MARINE TRANSGRESSION

BACKGROUND

The conceptual model for the development of coastal
plain landforms and stratigraphy created by a marine
transgression prescribes specific processes and circum
stances which serve as a basis for geologic interpretation
of the study area.

Descriptive models in the literature

pertaining to the morphology and stratigraphy of coastal
plains, deltas, deltaic plains, and alluvial plains
and Coleman,

1972; Colquhoun,

1975; Reading,

(Wright

1974; Reineck and Singh,

1978; Scholle and Spearing,

1982; Clifton,

1982, 1983) are not consistent with the morphology and
stratigraphy delineated within the study area.
Fischer

(1961)

suggested that coastal environments can

be preserved as facies in a vertical sequence during marine
transgression.

Facies within the vertical sequence include

sediments of lagoons with associated tidal marshes,
barriers, and sand dunes.

Fischer further suggested that

regressive deposits consist of lagoonal sediments which
accumulated behind algal banks.

Although Fischer's model

9
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10
describes the facies which form and may be preserved during
a marine transgressive cycle, it does not account for the
resulting landforms.

Nor does it account for all the

lithofacies found in the study area considered herein.
Also, Fischer describes the regressive,

lagoonal sediments

as freshwater deposits, but coastal plain sediments in the
study area contain marsh plant debris; coastal marshes can
only aggrade vertically to significant thicknesses upon
transgression because they grow only in the intertidal
zone.

The marshes serve as sediment traps where sediments

can accrete vertically during sea-level rise.
Curray

(1964) also suggested that coastal environments

could be preserved as a vertical sequence during a marine
transgression, but that only thin sheets of alluvium could
constitute regressive deposits, if such deposits were even
in the geological record.

Although alluvial deposits

accumulate in alluvial fans which coalesce to form alluvial
plains or bajadas, such deposits are only found where areas
with relatively high relief border flat, low-lying areas
and where torrential rains cause flooding of streams and
transport of alluvium.

This situation occurs in the Basin

and Range Province of the western United States, but
analogous settings do not occur the Coastal Plain of
Virginia or North Carolina.

Again, Curray's model does not

address all the various sedimentary deposits preserved in
the study area, nor does it address the resultant landforms.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

11
Kraft

(1971) describes patterns of Holocene sedimen

tary facies which have resulted from marine transgression
across a dissected coastal plain.

These lithofacies within

coastal environments grade both laterally and vertically.
Marsh deposits which accreted early during Holocene time
have been covered by sediments associated with Cape Henlopen and the Delaware Bay mouth.

However, because sea level

is continuing to rise, the resulting Holocene landforms are
continuously changing and therefore do not reveal the
ultimate geomorphic expression which remains after sea
level falls.

TRANSGRESSION MODEL

A consistent, applicable, conceptual model is needed
that can adequately account for the geographic distribution
of sediments,

stratigraphic succession, and landforms of

the outer coastal plain.

The model presented herein

employs modern analogues to explain the local and general
geologic and marine processes acting during sea-level
oscillations of middle and late Pleistocene time.

Because

marine transgression produces changes both upstream and
along the coast, it is necessary to address separately the
succession of environments in each of these two general
settings.
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PROCESSES AND CHANGES UPSTREAM BEFORE AND DURING MARINE
TRANSGRESSION

Upstream settings can be separated into 1) small up
land streams and 2) major streams which become estuaries
downstream.

However, both the small streams and major

streams exhibit similar characteristic changes during a
rise in sea level and are filled with similar sedimentary
sequences.

The only difference is that the smaller streams

have thinner sedimentary sequences than major streams and
exhibit smaller-scale bedding characteristics.

Therefore,

the descriptions given below for general processes and
deposits of streams pertain to both small upland streams
and major streams.
During a low stand of sea level, subaerial erosion
causes dissection of coastal-plain sediments

(Figure 2 a).

This occurs because stream gradients increase when sea
level drops, thus increasing stream competency and increas
ing mass wastage.

Streams serve as transport systems for

sediments during this phase.
is removed from the system.

Valleys are carved as sediment
This yields a landscape with

flat to rolling interfluves between incised stream valleys.
Stream valleys therefore constitute the surface of the
unconformity upon which younger sediments are deposited
during marine transgression.
Valleys of small, Holocene streams are typically
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Figure 2.

Processes and deposits upstream before and during
marine transgression.
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A) THE COASTAL PLAIN DURING A LOW STAND OF SEA LEVEL
-STREAM GRADIENTS ARE STEEP
-OLDER DEPOSITS ARE ERODED
-FLUVIAL DEPOSITS ACCUMULATE IN STREAM VALLEYS
-VALLEY SLOPES ARE STEEP
-VALLEY FLOORS ARE NARROW

B) CHANGES DURING THE EARLY STAGE OF SEA LEVEL RISE
-STREAM GRADIENTS DECREASE
-MEANDERS AND OXBOW LAKES DEVELOP
-FLUVIAL DEPOSITS INTERTONGUE WITH PALUDAL DEPOSITS
-VALLEY WALLS SLOPE MORE GENTLY
-VALLEY FLOORS WIDEN

C) CHANGES DURING THE LATE STAGE OF SEA LEVEL RISE
-STREAMS BECOME ESTUARIES
-SEDIMENTS FROM UPSTREAM AND CLIFFS ACCUMULATE IN
ESTUARIES AND ALONG THE SHORELINE
-MARSHES DEVELOP ALONG SHORELINES
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V-shaped, narrow, and linear

(Figure 3), whereas major

Holocene streams have wider valleys and meander
In both streams,

(Figure 4).

lenses of pebbles, cc >bles, and coarse

sand accumulate as lag deposits in the main channel and
change laterally into 1) crossbedded coarse sand of levees
and point bars in which beds dip as much as 45° and
2) horizontally laminated silt and clay deposited in the
flood plain

(Figure 2a and 2b; Harms and Fahnestock,

Reineck and Singh,
1984) .

1965;

1975; Cant, 1982; Tarbuck and Lutgens,

Sediments which accumulate in meandering streams

exhibit a plexus of deposits from these various stream
channel environments.

Massive or finely laminated clay and

silt accumulate in oxbow lakes which form when meanders are
abandoned

(Reineck and Singh, 1975).

Deposition by meander

ing and shifting streams results in the juxtaposition and
intercalation of deposits of higher stream energy

(channels,

point bars, and levees) with those of lower stream energy
(oxbow lakes, flood plains, and swamp or marsh deposits).
When sea level rises during a marine transgression,
stream gradients decrease and streams change from a transportational to an aggradational phase.

Fluvial deposits

accumulate on the floors or in channels of the valleys
which were carved during the preceeding subaerial erosional
phase.

The reduction in stream gradient in

stream valleys

causes development of a vertical succession of 1) channel
and floodplain environments to 2) swamp and 3) marsh

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Figure 3

Example of small, Holocene, tributary stream valleys
which exhibit steep valley walls and narrow valley
floors (from the Westover 7.5-minute quadrangle).
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Figure 4.

Example of a major Holocene stream valleg which
exhibits meandering (from the Richmond 1 x 2 sheet) .
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environments that tend to migrate upstream with a rise in
sea level.

Marshes and swamps will develop progressively

more landward as the stream gradient continues to decrease
during marine transgression.

Areas dominated by swamps

during the earlier phase will be subject to estuarine
conditions as sea level continues to rise

(Figure 2 c).

This creates an overall vertical succession of basal
fluvial, paludal, and finally, estuarine deposits
(Figure 5).

The fluvial, paludal, and estuarine deposits

which accumulate as sea level rises therefore are timetransgressive.
Swamps develop on the periphery of stream valleys as
sea level rise causes water to flood areas which were
formerly above water level.

Water-tolerant trees such as

Liquidamber, Taxodium, and Nyssa occur in Holocene swamps
(Whitehead, 1965; Gammon and Carter,

1979).

Also, upland

flora such as F a g u s , Car y a , Quercus, and Pinus
1965)

(Whitehead,

fall into the swamp areas or become flooded, thus

adding plant detritus to the swamp deposits. Organic-rich
deposits thus accumulate in swampy environments within the
valleys as stream
of sea level rise

gradients continue to decrease because
(Figure 2 b ) .

Marshes, distinguished from swamps by the absence of
trees, accrete vertically and laterally along the shore and
on tidal flats, trapping suspended silt and clay from the
water

(Silberhorn,

1976; Clifton,

1982).

Layers of clay,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Figure 5

Schematic diagram showing the lateral and vertical
succession of facies upstream during a marine
transgression.
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A) MAP VIEW SHOWING THE TYPICAL
SUCCESSION OF CHANNEL DEPOSITS
ALONG A COASTAL PLAIN STREAM
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B) CROSS-SECTIONAL PROFILE SHOWING THE
TYPICAL, GRADATIONAL SUCCESSION OF
CHANNEL DEPOSITS DURING SEA-LEVEL RISE
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ESTUARINE
DEPOSITS
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silt, and fine sand accumulate in tidal flats and develop
horizontal laminae and flaser bedding; bioturbation by
roots and burrowing organisms typically destroys these
bedding features

(Reineck and Singh,

Weimer and others,

1975; Clifton,

1982;

1982).

Fauna which live in the middle and upper reaches of
the estuary where salinity is usually less than 15 parts
per thousand, include the benthic foram Ammobaculites
c r a s s u s , which can tolerate suspended sediment concentra
tions as much as 177 pg/1 and thrive in shoal environments
such as at the mouths of tributary creeks
Nichols,

1976).

Rangia cuneata

(Ellison and

(Gray) is a clam which

inhabits low-salinity waters typically 14 parts per thou
sand

(Morris,

1973).

Crassostrea virginica typically live

in estuaries at salinities between 15 to 27 parts per
thousand; this species must have a hard substrate located
in moderately shallow, wave-swept areas
Miller,

1982).

(Morris, 1973;

Tagelus s p . , Cyrtopleura costata

(Linne),

and Macoma balthica tolerate low salinities and live in
shallow waters, but are not associated with Crassostrea
because they burrow into mud rather than living on a hard
substrate

(Morris,

1973) .

A typical,

low-salinity, shoal

environment faunal assemblage includes Crassostrea
vi r ginica, Balanus s p . , and Mulinia lateralis
(Miller;

(Say)

1982).

Holocene valley fills throughout the coastal plain
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serve as examples of these sequences.

Holocene deposits in

the Elizabeth, James, York rivers, and tributaries to these
rivers consist of discontinuous, basal, pebbly to cobbly,
coarse sand which grades and interfingers laterally and
vertically with organic-rich,
clay.

silty, fine sand and silty

Rangia cuneata and Crassostrea virginica are

dominant mollusk species living on bottom sediments within
these modern estuaries.

PROCESSES AND CHANGES ALONG THE COAST BEFORE AND AFTER
MARINE TRANSGRESSION

Modern nearshore processes acting along the coasts of
embayed or open ocean shorelines serve as analogues for
marine and shoreline processes acting during each of the
middle and late Pleistocene marine transgressions.

Some

sediments are contributed to the coast by streams.

Mass

wastage and wave erosion of older deposits deliver sedi
ments to the beach or nearshore

(Figure 6).

Waves and

currents winnow fine sands, silts, and clays from these
eroded deposits, whereas pebbles, cobbles, boulders, and
coarse sands beyond the transportational competency of
nearshore currents accumulate along the breaker zone as a
narrow pavement of lag deposits.

Of course, this process

depends on the available sediment source, but most of the
early Pleistocene formations in the Coastal Plain Province

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

Figure 6.

Processes acting across a fastland shoreline during
marine transgression.
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of Virginia and northeastern North Carolina contain locallized channels with fluvial deposits at the base and also a
discontinuous, basal sheet of pebbly to bouldery deposits.
(Richards,
1973).

1950; Bick and Coch, 1969; Oaks and Coch,

Therefore, coarse sediments are commonly available

for shoreline erosion.

Basal deposits of finer-grained

sand or silt accumulate where no coarser-sized sediments
are available.
Erosional processes act along both open and protected
coasts.

During a marine transgression,

the narrow pavement

of coarse, basal lag-deposits remains along the fastland
shoreline of both embayed and open marine coasts because
nearshore currents and bottom orbital velocities of in
coming waves simply can not transport these larger parti
cles.

Meanwhile, the process repeats itself at the new,

more landward shoreline, and another narrow pavement of
coarse lag deposits accumulates at the shoreline.

This

process continues during marine transgression, ultimately
producing a discontinuous sheet of time-transgressive,
coarse, basal lag deposits

(Figures 6, 7, and 8).

The discontinuous, basal sheet of lag deposits trun
cates older stratigraphic units and partially overlies
valley-fill deposits.

Cores taken from the continental

shelf reveal that discontinuous, coarse, basal lag-deposits
occur at the base of the Holocene sediments and truncate
both Holocene valley-fill deposits and Pleistocene sedi-
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Figure 7

Erosion and deposition along an open-marine shoreline
during marine transgression: A) fastland coast;
B) barrier coast.
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Erosion and deposition in coastal environments of an
embayed area during marine transgression: A) time 1;
B) time 2.
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merits (Kraft, 1971; Shideler and others, 1972; Stahl and
others,

1974; Sheridan and others,

Bouma and others,

1974; Zellmer, 1979;

1982).

Although finer-grained sands occur in both continental
shelf and back-barrier deposits, core samples from the
continental shelf reveal only thin Holocene deposits, if
any, and shelf sediments are considered to be mostly relict
or reworked Pleistocene sediments
1968; Kraft,
others,

(Uchupi, 1963; Emery,

1971; Duane and others,

1972; Goldsmith and

1974; Bouma and others, 1982).

Because Holocene shelf sediments are typically thin or
nonexistent, they are usually not differentiated from
relict Pleistocene sediments
and others,

1982)

channel-fills

(Mixon and Pilkey, 1976; Bouma

except where they occur as paludal

(Field and others,

1979).

The only shelf

deposits other than valley-fills which occur in thicknesses
as much as 10 m are shoreface-connected, isolated, capeassociated, or inlet-associated shoals
and others,

1972; Goldsmith and others,

(Kraft, 1971; Duane
1974), which

consist of reworked Pleistocene sediments or early Holocene
tidal-delta or beach-related sediments.

These shoals form

a ridge and swale topography in the nearshore and offshore.
Because Holocene shelf deposits are minimal or
nonexistent, it is necessary to explore another coastal
environment to explain the accumulation of thick

(as much

as 5 m) coastal deposits during a marine transgression:
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barrier island complexes.

Barriers provide protected

embayments in which sand, silt, clay, and organic material
can accrete as relatively thick sequences, ultimately
filling the embayment to sea level.

When sea level falls,

these former bay deposits are stranded and form terraces.
Barriers occur worldwide along many different types of
coasts and vary in morphology and dimension.
early nineteenth century, when de Beaumont

Since the

(1845)

suggested

that barriers formed by the emergence of offshore bars,
coastal plain workers have disagreed about the mechanisms
responsible for barrier formation.

Gilbert

(1885)

sugges

ted that barriers formed by spit growth, and that these
spits were subsequently breached by tidal inlets.
(1967)

Hoyt

suggested that barriers form during marine trans

gression as beach ridges are submerged, and that they are
further maintained as long as there is an adequate sediment
supply relative the the rise of sea level.
Pierce and Colquhoun
Duane

(1976)

mechanisms,

(1970), Schwartz

Zeigler

(1959),

(1973) , and Field and

suggested that barriers form by a variety of
including combinations of mechanisms suggested

by other researchers.

The mechanisms responsible for

barrier formation and growth apparently vary according to
the hydrodynamic and physical conditions which prevail in
particular locations.
The widespread occurrence of modern barriers along
coasts where sea level is rising lends support to the
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transgression model: barriers do exist during a rise of sea
level and create embayed areas in which sediments can
accumulate and along the edges of which marshes can accrete
(Figure 8).

Fine sands, silts, and clays are reported

presently filling embayed areas such as Back Sound, North
Carolina

(Batten, 1962) , Pamlico Sound

(Pickett and Ingram,

1969) , Chincoteague Bay in Maryland and Virginia
(Bartberger, 1976), the James River
the Chesapeake Bay

(Nichols, 1972), and

(Byrne and others,

1982) .

In embayed areas, the coarse basal lag deposits grade
upward into fine to medium sands and, ultimately,
silty,

fine sands or fine-sandy clays and silts

into

(Figure 8).

Holocene deposits in the Chesapeake Bay and in the Albe
marle Sound exhibit this sequence of sediments.
Species which tolerate higher salinities between 14
and 30 parts per thousand are found associated with the
lower estuary and with estuary and bay mouths: the benthonic foram Elphidium clavatum, Olivella mutica

(Say),

Mercenaria mercenaria, Mulinia lateralis, Balanus s p . ,
Ensis directus Conrad, Nassarius trivitattus
solidissima

(Dillwyn), Anadara transversa

Polynices duplicatus
Miller,
ments

1982).

(Say)

(Say), Spisula

(Say), and

(Ellison and Nichols,

1976;

These species inhabit sand and mud environ

(Morris, 1973; Ellison and Nichols,

1976; Miller,

1982).
Barrier and beach deposits occur seaward of embayed

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

28
areas

(Figure 9, Table 1).

In contrast to the fine sand,

silt, and clay which accumulate in embayments, the barrier
or bar and backshore,
mostly crossbedded,

foreshore, and nearshore deposits are

fine to coarse sand.

Where modern estuaries enter bays or the ocean, linear
to arcuate spits commonly occur as extensions of the
fastland shoreline.

Figures 10 and 11 illustrate that

features may be emergent or submergent.

At estuary mouths,

the spits and bars typically vary in length from 0.5 km
(0.3 mile)
than 8 km

to 1.5 km
(5 miles)

Chesapeake Bay

(0.9 mile).

Linear shoals greater

long are observed at the mouth of the

(Byrne and others,

1982).

When sea level

falls, these former spits remain as linear features at the
margins of terraces.
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Figure 9

Schematic diagram of selected barrier environments
referred to in Table 1.
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TABLE 1
ENVIRONMENT

SEDIMENTS
sand and silty clay
with organic
material

Bay

Barrier or Bar very fine to coarse
sand; grain size
increases upward

BEDDING
local alternating strata
from tidal deposition,
barrier washover and
barrier blowover;

FAUNA
local bioherms of Crassostrea upestuary and Mercenaria-dominated faunal assemblages at estuary and bay
mouths; intertidal and subaqueous
flats may have Callianassa burrows.

heavy mineral laminae
may be present.

prohibited without perm ission.

Barrier inlet

fine to coarse sand;
lag deposits of
shell may occur at
the base of the
inlet

tabular or trough crossbed
sets of various dimensions
up to 5 m,decreasing in thick
ness vertically; crossbeds are
bidirectional, dipping 10° to 30°

Backshore

medium to coarse
sand

horizontal laminae of heavy
minerals; small-scale crossbeds
dip landward and seaward.

Foreshore

fine to medium
sand with minor
lenses of clay

parallel crossbeds, 1 to 15 cm
thick, dip 2° to 10 seaward;
beds may dip up to 30
landward
on the lower foreshore; heavymineral laminae accent crossbeds

common fauna include Chione,
Anadara, and heart urchin and
sand dollar fragments
Characteristic sediments, bedc ing structures, and fauna of coastal environments associated with
barriers (Clifton, 1982; Shepard, 1960; Mackenzie, 1967; Hoyt and Henry, 1967; Hoyt, 1962; Hoyt
and Veimer, 1963; Weidie, 1968; Reineck and Singh, 1975; and upon personal observation).

Nearshore

fine to medium
sand with some

crossbeds dip up to 2° seaward

Figure 10.

Examples of spits at the mouths of modern estuaries,
showing how linear features may develop (from the
Deltaville and Mathews 7.5-minute quadrangles).
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Figure 11.

Examples of spits associated with a major embayment
along the Atlantic Ocean, showing how linear features
may develop (from the Eastville 1 x 2 sheet).
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METHODS

Coastal plain landforms were delineated on topographic
and orthophoto maps covering the study area

(Figure 11).

The contour interval for each of the Virginia 7.5 minute
quadrangles usually is 5 feet; however, some of the quadran
gles have a contour interval of 10 feet with selected
supplementary 5-foot contours.

Most of the preliminary

North Carolina 7.5 minute quadrangles have a contour
interval of 2 meters.

By delineating landforms on the

topographic maps, it was possible to establish a sampling
grid which would yield the most information concerning
stratigraphic relationships associated with these land
forms.

Profile lines were superimposed perpendicular to

principal landforms on the topographic maps so that com
plete cross-sections could later be drawn to establish and
interpret the lateral and vertical stratigraphic sequence.
Additional sampling locations were selected over widespread
areas to establish the continuity of stratigraphic units
and relationships.
It was necessary to collect most of the empirical data
for this study by soil auger and by drill-rig because there
are few exposures, sand and gravel pits, or landfill pits
within the study area.

Because the present study is
33
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Figure 12.

Index of quadrangles used in this study.
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concerned only with middle and late Pleistocene geologic
history, borings were terminated when Tertiary sediments
were encountered.
A 0.83-cm

(3.25-inch)

standard soil auger bucket,

attached to extension rods, was used to collect samples
from more than 800 borehole localities.
varied from 1.5 to 9 m

(5 to 30 feet)

Borehole depths

depending on the

depth to Tertiary sediments or upon borehole collapse.
Although augering disturbs bedding and laminae, it is still
possible to observe alternations of coarser- and finergrained sediments and also broken laminae if the sample is
removed carefully from the auger bucket.

It is also

possible to discern alternations of coarser- and finergrained sediments while augering, because the coarsergrained sediments sound gritty against the auger head upon
rotation.

In addition, more compact sediments make it much

more difficult to turn the auger than do the less compact
sediments.

Samples were taken at 0.3 m

(1 foot)

intervals

or more frequently when sediment changes occurred.
By using a 0.6-m (2-foot) Acker split-spoon, hollow
stem auger, it was possible to take continuous samples from
drill-rig borings.

Both a hydraulic, truck-mounted drill-

rig and a nonhydraulic, trailer-mounted drill-rig were used
to make boreholes.

The split-spoon was attached to rods

driven through a hollow stem auger into the sediments by a
63.5-kg

(140-pound)

hammer, falling a distance of 76.2 cm
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(30 inches)

for each hammer blow.

Each time the split-

spoon was driven a depth of 0.6 m

(2 feet), the samples

were taken from the split-spoon.

In this way, it was

possible to observe the presence of bedding features,
laminae, burrows, ghost fossils, and shell orientation and
articulation.

Hammer blow-counts provided information

concerning the compactness of the sediments.

These blow-

counts were recorded for every 15.2-cm (6-inch)
depth.
m

sampling

Drill-rig borings varied in depth from 4.6 to 24.4

(15 to 80 feet) depending on the depth to Tertiary

sediments.

Blow-counts were generally higher for Tertiary

and early Pleistocene sediments than for those of the
middle and late Pleistocene.
Although exposures,

sand and gravel pits, marl pits,

and sanitary landfills are not numerous in the study area,
those that are present yielded great insight concerning the
nature of sedimentary structures and unconformable relation
ships.

In seven of the pits, stream channels which cut

older deposits were filled with fluvial and paludal depo
sits.

Tidal channels were observed at one pit.

Various

types of sedimentary structures and unconformable relation
ships were delineated at most locations.

Extensive photo

graphic coverage documents the relationships observed in
the various exposures.
Previous publications
Coch, 1973; Johnson,

(Coch, 1968, 1971; Oaks and

1972, 1976)

and engineering logs of
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various firms and state agencies provided additional
information about the sediments in the study area.

A

comparison of these sediment descriptions to actual field
samples insured that sediment descriptions were comparable
to each other.
Sediments were analyzed visually by routine field
techniques and by comparison to samples gauged by previous
sediment-size analysis procedures described in Folk

(1974).

Representative samples were selected for standard grainsize analysis in order to insure standardization of sample
descriptions.

Splits of these samples were sieved and

pipetted in accordance with standard sediment analysis
procedures as described in Folk

(1974).

Macrophytes in peats and in sediments provided infor
mation to determine the paleoenvironment.

Marine and

estuarine macrofossils and microfossils occurring in
sediments also provided insight into paleoenvironmental
conditions.

Microfossils were separated from the sand

sized fraction of sediment samples by the standard soapfloat method.

The procedure involves aggitating the

seived, dried sediments in soapy water.

Air bubbles

trapped in the microfossils caused these specimens to
float.

After the soap bubbles were poured off, rinsed,

and dried, the microfossils were identified by microscope.
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STRUCTURE

The unconsolidated Cenozoic sediments in the study
area overlie the Fort Monroe High

(Richards and Straley,

1953) , which is an eastward-trending structural ridge
occurring in the pre-Jurassic basement rock

(Figure 13).

Cretaceous sediments overlying pre-Jurassic basement rocks
exhibit a regional slope of 7 to 9 m/km

(36 to 42

feet/mile), while the overlying late Tertiary sediments
slope approximately 0.9 m/km
1976).

(4.7 feet/mile)

(Johnson,

Late Pleistocene sediments exhibit and overall

slope of approximately 0.3 m/km

(1.6 feet/mile)

(Coch,

1968); however, this slope is the overall average of a
series of nearly flat-lying terraces which are separated by
scarps and which occur at progressively lower elevations
eastward.

There is no evidence of tectonic warping of the

middle or late Pleistocene sediments within the study area.
Harrison

(1962) and Harrison and others

(1965) postu

lated that northward tilting of the Chesapeake Bay region
possibly occurred during pre-Holocene time.

His conclusion

was based on the difference in elevation between a deep
channel near Annapolis, Maryland, and a deep channel near
the mouth of the Chesapeake Bay: the Annapolis channel is
six meters lower than the Chesapeake Bay mouth channel.
38
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Figure 13.

Regional structures underlying Cenozoic deposits of
the Atlantic Coastal Plain (after LeGrande, 1961).
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However, evidence is inconclusive that these two channel
locations were cut contemporaneously.
preparation)

Also, Mixon

(in

has found evidence that the Susquehanna River

drained across the Eastern Shore during the middle and late
Pleistocene, north of the present Chesapeake Bay mouth
location.
Oaks

(1965)

suggested that minor tilting was evident

in Pleistocene lagoonal deposits east of the Suffolk scarp.
More recent data show that the surface Oaks was observing
is in fact not tilted, but rather, consists of two relative
ly flat-lying terraces separated by a scarp such that the
more eastward terrace occurs at a lower elevation.

Thus,

the suggestion of apparent tilting is no longer justified.
McConnell

(1980) indicated that although gravity and

aeromagnetic data suggest potential sites of faulting in
pre-Jurassic basement rocks in the study area, drillhole
data indicated late Tertiary faulting; he clearly stated
there was no evidence to indicate faulting in Pleistocene
sediments.

High angle reverse faults cutting Late Tertiary

sediments of the Virginia Coastal Plain were reported by
Mixon and Newell

(1978) and Newell and Rader

(1982)

in the

Fredericksburg, Virginia area, and Dishinger

(1979)

in the

Hopewell, Virginia area.
west of Emporia, Virginia.

Similar faults also occur south
None of the faults are known to

displace Pleistocene sediments.
Dissolution of carbonate-rich sediments in the
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Yorktown Formation

(Pliocene) produces collapse structures.

Also, minor offsets indicative of compaction occur in Early
to middle Pleistocene sediments.

These pseudotectonic

structures are areally restricted, usually less than a few
tens of meters, and thus are not significant with respect
to this study.
Although it is possible that tectonic movement has
uplifted Pleistocene deposits in the Coastal Plain of
southeastern Virginia and northeastern North Carolina,
there is no conclusive evidence to support this.

Strati

graphic and geomorphic evidence seems to be contrary to any
suggestion of major tectonism.
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LANDFORMS

GENERAL STATEMENTS

Scarps and terraces constitute the predominant
landforms within the Atlantic Coastal Plain Province
(Figure 14).

Relatively flat-lying terraces with gradients

of 0 to 0.4 m/km

(0 to 2.1 feet/mile)

occur at progres

sively lower elevations from west to east and toward
rivers.

Scarps which separate the terraces are relatively

steep, exhibiting gradients of as much as 44 m/km

(232

feet/mile), although they only extend over a distance
usually less than 0.4 km

(0.25 mile).

Also, discontinuous

ridges occur along the eastern margins of terraces; these
ridges vary from 0.4
width and from 3.2 km

(0.25 mile)
(2 miles)

to 0.9 km

(0.6 mile)

to 11.2 km (7 miles)

in
in

length.
The increasing amount of data from the Atlantic
Coastal Plain requires numerous changes in nomenclature for
landforms.

Names previously assigned to coastal plain

landforms pertinent to the present study are listed in
Table 2 along with names used in this study.

Although it

is obvious that newly recognized landforms may require new
names, it is also obvious that the nomenclature has become
42
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Figure 14.

Schematic diagram of scarps and terraces in the
Coastal Plain Province of Virginia and North
Carolina.
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TABLE 2
Rogers

Shaler

1835

1890

Clark and
Miller
1906,1912

Stephenson
1912,

1926

Wentworth
1930

Coch
1968

Bick and
Coch
1969

Oaks and Coch
1973

90'-plain

Western
bench

Nansemond
bench

Wicomico

Wicomico

terrace

terrace

prohibited without perm ission.

Chowan
terrace
unnamed
scarp

Eastern
bench

Nansemond
escarp
ment

Pamlico
terrace

Peary,
Hazelton and
Kingsmill Chippokes
scarps
and Chippokes
scarps
Hall Pocosin
45'-plain
flat

Chowan
terrace

Dismal
Swamp
terrace

Princess
Anne
terrace

70'-plain

Isle of
Wight
plain

Suffolk
scarp

Churchland
flat

Churchland
flat
Hickory and
Diamond
Springs scarp
Mt. Pleasant
flat

This study

1972,1976
Lackey
plain
Grove
plain
Lee Hall
scarp
Grafton
plain

Suffolk
scarp

unnamed
scarp

Talbot
terrace

Isle
of
Wight
plain

Johnson

Camp
Peary,
Kings
mill
scarps
Hunting
ton flat

Williams
burg
terrace
Lee Hall
scarp
Harris
Grove
terrace
Hazelton
scarp

Newport
News
terrace
Suffolk
scarp

Suffolk,
Harpersville
scarps
Rescue
Hornsbyville and
terrace
Todds flat
Big Bethel Big Bethel
scarp
scarp
Hampton
flat

Correlation of previously published names of landforms with those used in this study.

Chesapeake
terrace

45
cumbersome and complicated by localized place names.

Even

so, it is still commonly necessary to refer to local areas
when referring to the stratigraphic or topographic varia
tions associated with particular portions of a regional
landform.

Thus a classification scheme is established for

terrace names in order to refer to local sections within
regional landforms

(Plate 1 and Table 3).

This nomencla

ture incorporates previously assigned names as sections of
regional terraces and assigns a new name to the regional
terrace.

Scarps are delineated on a regional scale without

being divided into sections because the associated terrace
sections can be referred to when it is necessary to address
local portions of scarps. Also, in the literature

(Flint,

1940), scarps have been delineated on a larger regional
basis than terraces have been.
Earlier Coastal Plain researchers

(Rogers, 1835;

Shaler, 1890; Shattuck, 1901, 1906; Darton,
Miller, 1906,
and Wentworth,

1902; Clark and

1912; Stephenson, 1912, 1926; Cooke, 1930;
1930) applied the terms terrace or bench for

the relatively flat-lying areas between scarps of the
Atlantic Coastal Plain.

Oaks and Coch

(1963, 1973) aban

doned the term terrace because they objected to the concept
of the terrace formation as espoused by Shattuck
1906), Stephenson

(1912), and Cooke

(1930) .

The concept of

the terrace formation or morphostratigraphic unit
and others, 1972)

(1901,

(Daniels

is that each terrace is underlain by one
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TABLE 3
REGIONAL TERRACE

ELEVATION

Myrtle terrace

21-24 m
(70-80 ft)

Harris Grove terrace

Newport News terrace

Re8cue terrace

prohibited without perm ission.

Chesapeake terrace

15-19 m
(48-60 ft)

10-14 m
(35-45 ft)

5-9 m
(18-30 ft)

3-5 m
(10-18 ft)

SECTION

LOCATION

Gloucester plain

North of the York River

Grove plain

York-James Peninsula

Zuni plain

South of the James River

White Marsh plain

North of the York River

Grafton plain

York-James Peninsula

Hardyville plain

North of the York River

Huntington flat

York-James Peninsula

Hall Pocosin flat

South of the James River

Amburg plain and
Fort Nonsense flat

Near Deltaville

Gloucester Point flat

At Gloucester Point

H o m s b y v i l l e flat and
Todds flat

York-James Peninsula

Churchland flat

South of the James River

Mathews plain

North of the Yo r k River

Hampton flat

York-James Peninsula

Mt. Pleasant flat and
Deep Creek swale

South of the James River

The classification of landforra names used in this study
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formation; thus the terrace and corresponding formation
were given the same name.

Oaks and Coch

(1973) established

that more than one formation can underlie a particular
terrace, and thus the terrace formation concept created
confusion.
The term terrace refers to a regional landform: a
relatively flat-lying area between two scarps.

This term

is used for the convenience of interpreting the geologic
history of the area as well as for simplifying the nomencla
ture.

Although it is recognized that the surficial unit

underlying each terrace is associated with the creation of
the corresponding terrace, the terrace name is not synony
mous with the formation name: a terrace is a geomorphic
term; a formation is a lithostratigraphic term.

The term

terrace is wholly independent from the term formation.

MORPHOLOGIC SUBDIVISIONS

MYRTLE TERRACE

The Myrtle terrace is recognized in the present study
as occurring at elevations between approximately 21 and 24
m

(70 and 80 feet); it exhibits and eastward slope of

approximately 0.4 m/km

(2.1 feet/mile).

This plain is the

highest and westernmost terrace in the study area, and it
also extends beyond the study area to the west.

The Grove
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plain

(Johnson, 1972)

is retained as a section of the

Myrtle terrace on the York-James Peninsula.

The Gloucester

plain is that section of the Myrtle terrace which is
situated between the York and Rappahannock rivers, and the
Zuni plain is situated south of the James River in Virginia
and North Carolina.

The Hazelton scarp forms the southern

and eastern boundaries of the Zuni plain.

The Lee Hall,

Suffolk, and Big Bethel scarps form the eastern margin of
the Grove plain.

The Gloucester plain is bounded on the

east by the Big Bethel and Hazelton scarps and on the north
and south by the Hazelton and Suffolk scarps.
Streams which drain into the Chowan River, James
R i v e r , York R i v e r , and Rappahannock River have entrenched
the Myrtle terrace to elevations as low as 7.6 m

(25 feet).

This dissection has produced a rolling topography locally,
but the topography consists predominantly of extensive flat
areas with local pocosins.

Sediments presently assigned to

the undifferentiated Windsor Formation comprise the surficial deposits of the Myrtle terrace.
The Myrtle terrace constitutes a portion of the Isle
of Wight plain, as defined by Coch

(1968) .

The Isle of

Wight plain was delineated at elevations between 21 and 30
m

(70 and 100 feet), but actually consists of at least two

terraces.

The lower section of the Isle of Wight plain is

the Myrtle terrace.

Therefore, the name Isle of Wight

plain is abandoned in this study.
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LEE HALL SCARP

The Lee Hall scarp, delineated by Johnson

(1972) on

the York-James Peninsula, has an elevation at its toe of
19 m

(62 feet)

feet/mile).

and a slope of approximately 25 m/km

(132

Elevations along the crest of the Lee Hall

scarp range from 19.8 to 22 m
local relief up to 3 m

(65 to 72 feet), creating a

(10 feet).

This scarp forms the

eastern and southern boundaries of the Grove plain

but is

not distinct enough to be delineated elsewhere in the study
area.

However, this scarp is prominent up the James River

and other major estuaries.

On the York-James Peninsula,

the Lee Hall scarp separates the Grove plain from the
Grafton plain.

HARRIS GROVE TERRACE

The Harris Grove terrace occurs at elevations between
15.2 and 19.8 m

(50 and 65 feet).

This terrace slopes

eastwardly at approximately 0.4 m/km

(2.1 feet/mile).

The

Harris Grove terrace was first delineated on the York-James
Peninsula as the Grafton plain

(Johnson, 1972) .

The

Grafton plain is retained as a section of the Harris Grove
terrace;

it is bounded by the Lee Hall scarp on the north,

south, and west, and by the Suffolk scarp on the east.
North of the York River, the Harris Grove terrace can be
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delineated only in a small area near White Marsh in
Gloucester County, thus it is named the White Marsh flat at
this locality.

The White Marsh flat is bounded on the

north by the Lee Hall scarp and on the west, south, and
east by the Hazelton scarp.

South of the James River, the

Harris Grove terrace can be delineated in very limited
areas near Suffolk, Virginia; this section is the Red Top
flat.

Elsewhere in the study area, the Harris Grove

terrace grades imperceptably into the Myrtle terrace
without a distinct physiographic boundary. Tributaries to
the James and York Rivers locally entrench the Harris Grove
terrace to elevations of approximately 7.6 m
the topography remains predominantly flat.

(25 feet), but
Sediments

assigned to the undifferentiated Windsor Formation comprise
the surficial deposits of the Harris Grove terrace.

HAZELTON SCARP

The Hazelton scarp, initially delineated by Oaks
(1965), exhibits an elevation at its toe of approximately
14.6 m

(48 feet) and slopes eastwardly and toward rivers as

much as 41 m/km (216 feet/mile).

Elevations along the

crest of the Hazelton scarp range from 16.7 to 22 m
72 feet), creating a local relief up to 7.3 m

(55 to

(24 feet).

This scarp trends north-south to northeasterly except where
it sweeps toward the west near Whaleyville, Virginia, and
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along the James, York, Piankatank,

and Rappahannock Rivers.

In the present study, the Hazelton scarp is delineated
where it extends northward from the Virginia-North Carolina
border and also where it occurs near Smithfield and in the
northern portion of the study area.

This scarp forms the

eastern boundary of sections of the Myrtle terrace and also
of the Harris Grove terrace.

The Suffolk scarp truncates

the Hazelton scarp in several locations within the study
area

(Plate 1).
Bick and Coch

(1969)

and Johnson

(1972) delineated the

Kingsmill, Peary, and Chippokes scarps.
1976)

Johnson

also referred to the Kingsmill and Peary

Peary)

scarps in his reports.

to the Hazelton scarp.

(1972,

(or Camp

These scarps are equivalent

The Kingsmill scarp parallels the

James River along the southern portion of the York-James
Peninsula.

The Peary scarp parallels the York River along

the northern portion of the York-James Peninsula.

The

Chippokes scarp parallels the south bank of the James River
in a limited area adjacent to Gravel Neck near Chippokes,
Virginia.

The names Kingsmill, Peary, and Chippokes scarps

are herein abandoned.

NEWPORT NEWS TERRACE

The Newport News terrace occurs at elevations between
10.7 and 13.7 m

(35 and 45 feet), and slopes eastwardly at
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a gradient of 0.1 m/km

(0.53 feet/mile).

flat, initially named by Oaks

(1965)

The Hall Pocosin

for its appearance

near the Virginia-North Carolina border is extended to
include all comparable topographic features south of the
James River and is retained as a section of the Newport
News terrace, as is the Huntington flat, delineated by Coch
(1971) on the York-James Peninsula.

The Hardyville flat is

that section of the Newport News terrace which occurs north
of the York River.

Although the Newport News terrace

occurs throughout the study area, it is most frequently
parallel to rivers.

The Hazelton scarp separates the

Newport News terrace from the Myrtle terrace and the Harris
Grove terrace.

Both the Suffolk scarp and the Big Bethel

scarp form the eastern boundary of the Newport News
terrace.
A discontinuous sand ridge, the Smithfield barrier, up
to 0.9 km

(0.6 mile) wide and 11.2 km

(7 miles)

long

extends along the eastern margin of the Hall Pocosin flat.
This ridge trends north-south and descends in elevation
21 m

(70 feet)

along its southern extent to 13.7 m

feet) near its northern extent.
ridge ranges up to 7.6 m

(45

The local relief of this

(25 feet).

A similar feature, the

Suffolk sand ridge, extends from Acorn Hill, North
Carolina,
40 km

south toward the Chowan River,

(25 m i l e s ) .

for a distance of

However, the Suffolk sand ridge only

reaches elevations up to 15.2 m

(50 feet) and decreases in
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elevation to 12.8 m

(42 feet) near its southern extent.

The local relief of the Suffolk sand ridge ranges up to 2.1
m

(7 feet).

Near the Chowan River, this ridge turns toward

the southwest as a series of ridges along the eastern
portion of the Hall Pocosin flat

(Figure 15).

On the

Huntington flat and Hardyville flat, a series of linear
ridges trend to the southwest along the eastern and south
ern margins of these localities.
width from 0.4 to 1.6 km
km

(2 miles)

(5 feet).

These ridges vary in

(0.25 to 1 mile), extend up to 3.2

in length, and exhibit relief as much as 1.5 m

Although the Newport News terrace is undissected

and poorly drained for the most part, dissection by tribu
taries to the major rivers in the area has locally carved
it to sea level.

Drainage has developed preferentially in

low areas between the ridges along the eastern and southern
margins of the Newport News terrace.

Sediments correlated

in this study with the upper Shirley Formation
Berquist,

(Johnson and

in preparation), formerly assigned to the Norfolk

Formation, comprise the surficial deposits of the Hall
Pocosin flat.

SUFFOLK SCARP

The Suffolk scarp was first recognized in the early
nineteenth century

(Rogers, 1835) but was not named until

about a century later

(Wentworth, 1930).

Flint

(1940),

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Figure 15.

Map showing the Smithfield barrier and Suffolk sand
ridge.
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Coch

(1968, 1971), Oaks and Coch

(1973), and Johnson

(1972)

continued to use the name Suffolk scarp where applicable to
their study areas.

However, Johnson

(1976) assigned the

name Harpersville scarp to the Suffolk scarp equivalent
within the lower York-James Peninsula because of its
complex relationship with a scarp occurring at a lower toe
elevation.

In the present study, the name Suffolk scarp

indicates the scarp at all locations where it exhibits a
toe elevation between 7.6 and 9.8 m
scarp slopes at up to 44 m/km

(25 and 32 feet).

(232 feet/mile).

This

Elevations

along the crest of the Suffolk scarp range in elevation
from 10.7 to 22 m
much as 14.3 m

(35 to 72 feet), creating local relief as

(47 feet).

Although there are small-scale

offsets along the Suffolk scarp, it can be traced from its
coastwise position to its riverwise position along the
James, York, and Rappahannock Rivers; therefore, it is not
necessary to make nomenclatural distinctions based on
geographic location.

The Suffolk scarp trends essentially

north-south from approximately 36o 22'30nN northward to the
Rappahannock River, but is offset 14.4 km
the James River.

(9 miles)

across

Depending on location, this scarp forms

the eastern boundary of the Myrtle and Newport News ter
races.

Also, depending on location, the Suffolk scarp

cuts across the Lae Hall and Hazelton scarps.
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RESCUE TERRACE

The Rescue terrace occurs at elevations between 5.5
and 9 m
m/km

(18 and 30 feet) and slopes generally eastward 0.6

(3.2 feet/mile).

This terrace extends from the

Suffolk scarp eastward to the Big Bethel scarp.

At many

localities south of the James River the Rescue terrace is
greater than 11.3 km (7 miles)

in width.

Coch

(1968)

delineated this portion of the Rescue terrace as the
Churchland flat, which is retained as the section of the
Rescue terrace which occurs anywhere south of the James
River.

North of

the James River, this flat occurs as

narrow, isolated

tracts ranging in width up to 2.9 km

miles)

but typically less than 1.1 km

(0.7 miles).

(1.8

Johnson

(1972, 1976) delineated these portions of the Rescue
terrace as the Hornsbyville flat and the Todds flat; these
flats are herein retained as sections of the Rescue terrace.
The Rescue terrace north of the York River, can be delinea
ted only as small areas near Gloucester Point, Amburg, and
Fort Nonsense; these sections of the Rescue terrace are
herein named the

Gloucester Point flat, the Amburg plain,

and the Fort Nonsense flat, respectively.
The Todds flat exhibits arcuate to linear ridges along
its eastern margin

(Figure 16).

These ridges trend north

easterly except near their southern extent, where they
sweep to the west.

They exhibit low relief usually less
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Figure 16.

Map showing ridges along the eastern margin of Todds
flat.
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than 1 . 5 m
south.

(5 feet), and decrease in elevation to the

The Fort Nonsense flat exhibits the form of a

recurved spit which extends south-southwest from the
Suffolk scarp
(5 feet)

(Figure 17).

The spit exhibits only 1.5 m

of relief and is underlain by poorly sorted,

pebbly, coarse sand.

The numerous gravel pits along the

Fort Nonsense flat attest to the coarse nature of the
underlying sediments.
South of the James River, the Dismal Swamp

(Holocene)

occupies portions of both the Rescue terrace and the
Chesapeake terrace east of the Suffolk scarp.

Within this

area, the Rescue terrace slopes eastwardly, grading into
the Chesapeake terrace without any perceptible topographic
distinction.
Except for the ridge and swale topography of the Todds
flat, the Rescue terrace is relatively undissected; how
ever, tributaries to major rivers have carved this flat
locally to sea level.

Poorly drained areas have prefer

entially developed in swales between ridges within the
Todds flat.

Sediments comprising the surficial deposits of

the Rescue terrace consist of the Sedgefield Member of the
Tabb Formation.

DISMAL SWAMP

The Dismal Swamp is a poorly drained area underlain by
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Figure 17.

Apparent recurved spit associated with the Fort
Nonsense flat.
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Holocene swamp materials which accumulated east and south
of Suffolk, Virginia.
eastward from 7.6 m
averages 30.6 km

The Dismal Swamp slopes gently

(25 feet)

(19 miles)

to 4.3 m (14 feet)

in length by 16.9 km

and
(10.5

miles)

in width.

miles)

in diameter, occupies the central portion of the

swamp.

Lake Drummond, approximately 4 km

(2.5

The Dismal Swamp is essentially undissected except

where it has been ditched.

Holocene swamp deposits com

prise the surficial materials over most of the Dismal Swamp
and fill valleys which were cut into the underlying Pleisto
cene sediments during the last low stand of sea level.
valley fill deposits are as much as 18.3 m
(Whitehead,

The

(60 feet) deep

1965; Oaks and Coch, 1973; and by observation).

FENTRESS RISE

The Fentress rise is a north-northeast trending,
discontinuous, linear feature approximately 3.2 km
(2 miles) wide located directly east of the Deep Creek
swale.

The Fentress rise consists of four segments which

occur at elevations between 6 and 7.6 m (20 and 25 feet)
and exhibit a local relief up to 1.5 m (5 feet).

The

northernmost segment is partially eroded by the Lynnhaven
River, but this segment appears to extend eastward and then
sharply southward for 11.3 km
ridge.

(7 miles) as the Oceana

The Oceana ridge is also a linear feature, but it
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is narrower

(approximately 2.4 km or 1.5 miles wide)

slightly higher, with elevations up to 9 m

and

(30 feet).

Local relief of the Oceana ridge is as much as 4.6 m
(15 feet).

Sediments underlying the Fentress rise and

Oceana ridge are those of the Sedgefield Member of the Tabb
Formation.

BIG BETHEL SCARP

The Big Bethel scarp,
(1972)

first delineated by Johnson

on the York-James Peninsula, exhibits and elevation

at the toe of approximately 5.5 m
40 m/km

(18 feet), slopes up to

(211 feet/mile), and trends north-south.

of this scarp ranges from 7.6 to 13.7 m

The crest

(25 to 45 feet).

The Big Bethel scarp locally forms the eastern boundary of
the Myrtle, Newport News, and Harris Grove terraces.

This

scarp truncates the Suffolk scarp north of the York River,
and parallels the Suffolk scarp near Deltaville and near
Gloucester Point.

On the York-James Peninsula,

the Big

Bethel scarp forms the eastern boundary of the Hornsbyville
and Todds flat, but cuts across the Suffolk scarp in the
southern portion of the Peninsula,
boundary of the Huntington flat.

forming the eastern
South of the James River,

as far as the North Carolina boundary, the Big Bethel scarp
parallels the Suffolk scarp but is indistinct and obscured
by the Dismal Swamp.

At its southernmost extent in the
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study area, however, the Big Bethel scarp truncates the
Suffolk scarp, thus forming the eastern boundary of the
Hall Pocosin flat.
Oaks

(1965) delineated the Hickory scarp, adjacent to

the Fentress rise, and the Diamond Springs scarp, adjacent
to the Fentress rise and Oceana ridge.

Both of these

scarps are equivalent to the Big Bethel scarp; therefore,
the names Hickory scarp and Diamond Springs scarp are
abandoned in this study, and those localities are assigned
as portions of the Big Bethel scarp.

The Fort Eustis scarp

(Johnson, 1972) is a short segment of the Big Bethel scarp
which parallels the James River along the southern portion
of the York-James Peninsula.

The name Fort Eustis scarp is

also abandoned.

CHESAPEAKE TERRACE

The Chesapeake terrace occurs at elevations between 3
and 5.5 m

(10 and 18 feet)

mately 0.9 m/km

and slopes eastwardly at approxi

(4.7 feet/mile).

Oaks

(1965) delineated

this terrace as the Mt. Pleasant flat south of the James
River; the name Mt. Pleasant flat is retained as a section
of the Chesapeake terrace.

The Hampton flat

(Coch, 1971)

on the James-York Peninsula is also retained as a section
of the Chesapeake terrace.

The Mathews plain is the

section of the Chesapeake terrace which is located north of
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the York River.
The Deep Creek swale is a relatively low-lying area,
situated east of the Dismal Swamp, approximately 8 km
(5 miles) wide.

The elevation of the Deep Creek swale is

approximately 3 to 4.5 m

(10 to 15 feet);

it merges north

ward and southward with the Mt. Pleasant flat.

The surfi-

cial deposits underlying the Deep Creek swale are those of
the Lynnhaven Member of the Tabb Formation.
The Chesapeake terrace is relatively flat except where
locally eroded to sea level by tributaries to the major
rivers.
areas.

It is poorly drained and contains numerous swampy
Surficial deposits consist of upper sediments of

the Lynnhaven Member of the Tabb Formation.
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STRATIGRAPHY

GENERAL STATEMENTS

The stratigraphic succession under study focuses on
the Shirley and Tabb formations, but includes older and
younger deposits

(Plate 2).

Table

4 lists previous strati

graphic subdivisions of Quaternary

and underlying late

Tertiary deposits along with those

used in this study.

By

using the transgression model to interpret the facies
relationships within each stratigraphic unit, it is
possible to correlate stratigraphic units regionally and
thus simplify the nomenclature.
Bridge Formation

In this study the Great

(Oaks and Coch, 1973)

is shown to be a

portion of the Chowan River Formation of Blackwelder
(1981b).
formations

The Kempsville, Londonbridge, and Sand Bridge
(Oaks and Coch,

1973)

are shown to be facies

within two members of the Tabb Formation
The Norfolk Formation

(Johnson, 1976).

(Oaks and Coch, 1973)

is demonstrated

to be two formations, the Shirley and the Tabb formations,
separated by an unconformity.
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TABLE 4
Oaks and Coch (1973)

This Report

Johnson (1976)

prohibited without perm ission.

Tabb Formation,
Lynnhaven Member

Tabb Formation,
Lynnhaven Member

Tabb Formation,
Sedgefield Member

Tabb Formation,
Sedgefield Member

Norfolk Formation:
Upper member clayey sand, silty
sand, and coarse
sand facies

Shirley Formation

Norfolk Formation

Windsor Formation

Windsor Formation

Windsor Formation

Sand Bridge Formation

Londonbridge Formation
Kempsville Formation
Norfolk Formation:
Upper member silty sand, fine sand,
medium sand, sand, and
silt facies
Great Bridge Formation Upper Member and part of
the Lower Member

Great Bridge Formation a portion of the
Lower Member
Yorktown Formation

Chowan River Formation

Yorktown Formation

(not in study area)

Yorktown Formation

Correlation of previously published stratigraphic names with those used
in this study.
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PLIOCENE SERIES

The Yorktown and Chowan River formations, which
underlie the Quaternary deposits in the study area, are
early Pliocene and late Pliocene in age, respectively
(Hazel,

1971; Akers,

Blackwelder,

1981b).

1972; Ward and Blackwelder,

1980; and

These formations consist of marine

sediments and fossils which can be easily distinguished
from those of the Shirley and Tabb formations.

Although

the Pleistocene stratigraphic units constitute the deposits
which apply to the transgression model, it is necessary to
recognize the deposits of the Yorktown and Chowan River
formations in order to determine sampling depth.

YORKTOWN FORMATION

Within the study area, the Yorktown Formation
and Miller,

1906)

(Clark

consists of a 1) sandy silt facies which

locally contains biofragmental sand, 2) a crossbedded shell
hash facies, and 3) a glauconitic, locally fossiliferous,
silty fine sand facies.
Chowan River,

This unit locally underlies the

Shirley, and Tabb formations, and is consi

dered early to middle Pliocene in age
1972).

(Hazel, 1971; Akers,

Figure 18 illustrates the facies distribution of

the Yorktown Formation within the study area based on
observation and also on reports by Mansfield

(1943), McLean
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Figure 18.

Subcrop map showing the areal distribution of facies
within the Yorktown Formation.
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(1966), Ray and others

(1968), Hazel

1976) , and Ward and Blackwelder

(1971), Johnson

(1972,

(1980) .

The silty sand facies extends eastwardly from a
north-south line approximately along the 76°30'W meridian.
Sediments within the silty sand facies include bluish-gray
to greenish-gray, glauconitic, fine sand containing discon
tinuous lenses of clayey silt

(Appendix A, Sections 22, 32,

33, 43, 44, 45, 46, and 50).

Fossil shells are usually

found unbroken, but the fossil mollusks are usually disarti
culated.

Fossils include Cliona s p . , Astranqia lineata,

Septastrea marylandica, Cadulus thallus, Dentalium
carolinense, Busycon canaliculatum, Crepidula fornicata,
Diodora redimuicula, Echphora quadricostata, Glycymeris
sp., Lemintina qranifera s p . , Lunatia h e r o s , Marginella
limatula, Oliva sayana, Polynices duplicatus, Turritella
alticostata, Astarte s p., Chama congregata, Ensis s p.,
Panopea reflexa, Mercenaria campechiensis, Ostrea
compressirostra, Venericardia granulata, Balanus concavus,
cheilostomatous and cyclostomatous bryozoans, echinoid
spines and plates,
remains.

fish vertebra, and whale and porpoise

The silty-sand facies weathers to a gray, clayey

fine sand mottled yellowish to reddish brown.
The cross-bedded coquina facies extends as a narrow
band approximately 11.3 km
meridian

(7 miles) wide along the 76°30'W

(Appendix A, Sections 6-9, 12, 16, 17, 19, 21,

25-28, 34, 37, 38, 41, 49, and 52).

This facies grades
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westwardly into the coquina facies and silty sand facies
(which locally underlies the coquina facies).

The carbo

nate content of the cross-bedded coquina facies and the
coquina facies is commonly over 90 percent by weight;
remainder includes glauconite,
quartz sand.

the

iron oxides, clay, and

The cross-bedded coquina facies and coquina

facies consist mostly of moderately to well-sorted, medium
to coarse sand-sized shell fragments.

Recognizable remains

of fossil shells include Astrangia lineata, Crepidula
fornicata, Echphora quadricostata, Turritella alticostata,
C h e s a pecten, Ostrea sp., Venericardia granulata, Dosinia
eleqans and Glycymeris sp.
up to 7 cm

(2.7 inches)

Firmly cemented decapod burrows

in diameter also occur in the

cross-bedded coquina facies.

Both the cross-bedded coquina

facies and the coquina facies weather to a reddish-brown
clayey silt.
The sandy silt facies extends westwardly from the
cross-bedded coquina facies and underlies the coquina
facies to the western boundary of the study area

(Appendix

A, Sections 2-5, 10, 11, 14, 15, 20, 23, 30, and 40).

The

sandy silt facies consists of extensively burrowed, medium
bluish-gray fine sandy silt with laminae of shell fragments
and fine to medium quartz sand.

Isolated colonies of

Crepidula fornicata, M u l i n i a , Ostrea s p . , and echinoid
spines occur locally.
light gray,

The sandy silt facies weathers to a

fine-sandy, silty clay.
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In borehole samples,

ferricrete is commonly found at

the contact between the Yorktown Formation and younger
deposits.

Weathered sediments of the Yorktown Formation

have been assigned to the Sedley Formation

(Moore, 1956;

Coch, 1968; Oaks and Coch, 1973).

CHOWAN RIVER FORMATION

The Chowan River Formation

(Blackwelder, 1981b)

occurs

as subsurface sediments in the southeastern portion of the
study area.

This late Pliocene marine formation consists

of interbedded silty fine sand.- clayey silt, and biofragmental sand.

Fossils include a diverse shallow water

faunal assemblage which differs from that found in Yorktown
Formation.

Locally, groundwater migration has caused

leaching of the fossil shells.

Because of this leaching,

sediments of the Chowan River Formation have been misidentified as the Great Bridge Formation
Mixon and others,
Formation

1982; and Darby,

(Oaks and Coch, 1973;

1983) or the Yorktown

(Oaks and Coch, 1973; Barker and Bjorken,

1978).

Samples collected in the Gomez sand pit in Virginia Beach
(Appendix A, section 1) contained fossils indicative of the
Chowan River Formation.

Exposures within the Gomez sand

pit revealed the disconformity between the Yorktown Forma
tion and the SedgefieId Member of the Tabb Formation.
These same unconformable relationships can also be observed

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

71
at the Yadkin sand pit

(Appendix A, Section 43).

The base of the Chowan River is characterized by a
discontinuous pebbly to bouldery sand that rests on the
leached, and in places, oxidized Yorktown Formation.

The

largest boulders have a maximum dimension of approximately
1 m and the basal lag deposit in the lower Chowan River
Formation includes a diverse suite of sedimentary,

igneous,

and metamorphic rocks from the Piedmont, Blue Ridge, and
Valley and Ridge provinces.

Septate nodules,

ferricrete

clasts, broken ferruginous burrows, and phosphate pebbles,
which were eroded from the Yorktown Formation, are also
present

(Victor, 1983).

The basal unit grades upward into fine to medium sand,
interbedded silty sand, clayey silt, and biofragmental
sand.

The clayey silt and silty sand contain bivalve

ghosts and burrows.

The biofragmental sands are cross

bedded and contain a diverse shallow water fauna including
Argopecten eboreus, Glycymeris subovata, Ostrea
compressirostra, Noetia limatula, Rangia s p . , Corbicula
densata, and Mercenaria sp.
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PLEISTOCENE SERIES

WINDSOR FORMATION

Sediments assigned to the Windsor Formation

(Coch,

1968; Johnson, 1972) constitute the surficial deposits of
terraces at elevations between 15.2 and 30 m
feet).

Johnson and Berquist

(in preparation)

(50 and 100
have shown

that a portion of the Windsor Formation can be delineated
as a separate formation: the Charles City Formation.
Johnson

(personal communication)

has indicated that an

additional stratigraphic unit, the Chuckatuck Formation,
can also be distinguished in deposits which have been
assigned to the Windsor Formation.

In this study, deposits

of the Charles City and Chuckatuck formations are all
included in the Windsor Formation.
The lower portion of the Windsor Formation occurs at
approximately 10.3 m
channels exist
21).

(34 feet)

in elevation or lower where

(Appendix B, Sections 7, 14, 16, 19, and

Within or near channels, the basal deposits of the

Windsor Formation consist of fine to medium sand interbed
ded with plant detritus, wood fragments, and/or silty clay
containing fine sand laminae

(Appendix A, Sections 2-9).

Pine cones were observed in channel-fill deposits at the
Smith Pit near Benns Church, Virginia.

Oyster shells

(species unidentified) were observed within basal
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lag-deposits these beds in the Isle of Wight landfill pit
near Smithfield, Virginia.

The interbeds vary in thickness

up to 10 cm, and the overall thickness of the interbeds
varies up to 0.6 m

(2 feet).

These interbeds were previous

ly assigned to the Sedley Formation by Coch
Pebbly,

(1968).

fine to coarse sand overlies the basal interbeds or

deposits of the Yorktown Formation, grades upward into
crossbedded,

fine sand, and,

sandy, clayey silt

finally, into fine- to medium-

(Appendix 1, Section 2-12).

This

fining-upward portion of the Windsor Formation varies in
thickness up to 13.7 m

(45 feet).

Sediments of the Windsor

Formation are more deeply weathered and much more compact
than those of younger formations.

SHIRLEY FORMATION

Deposits of the middle Pleistocene
1981)

Shirley Formation

(Cronin and others,

(Johnson and Berquist, in prepar

ation) were previously assigned to the Norfolk Formation
(Coch, 1968; Oaks and Coch,

1973).

The Shirley Formation

consists of a stratigraphic sequence which exhibits both
vertical and lateral variation in lithology,
tent, and thickness.

fossil con

Local valley-fill deposits at the

base of the Shirley Formation grade upward into pebbly to
bouldery coarse sand which forms a discontinuous sheet at
the base of the unit.

These coarse deposits fine upward
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into fine to medium sand which continues to fine upward
into silt and clay except where barrier deposits occur.
Estuarine deposits of the Shirley Formation occur
within the sections of the Newport News terrace which
parallel the lower Rappahannock, Piankatank, York, and
lower James rivers.

Backbarrier deposits of the Shirley

Formation constitute surficial deposits along the eastern
portion of the Hardyville plain and within the Hall Pocosin
flat except near Smithfield and Benns Church, Virginia,
where barrier deposits of the Shirley Formation are
preserved.
Coch

(1968; 1971), Bick and Coch

(1973), and Johnson

(1972, 1976)

(1969), Oaks and Coch

assigned sediments under

lying the Newport News terrace to the Norfolk Formation.
Clark and Miller

(1906) named the Norfolk Formation but did

not provide a type section.

Oaks

(1965) established a type

section for the clayey sand facies of the Norfolk Formation
based on a jet-rig boring within the Great Dismal Swamp.
He described this section, occurring in the subsurface
between elevations of 4.6 to -1.8 m

(15 to -6 feet), as as

fossiliferous, clayey, fine to medium sand.

Oaks

(1965)

also described a reference section for the silty sand
facies of the Norfolk Formation from a plastic-tube boring
taken at 6.4 m
Swamp.
2.6 m

(21 feet)

in elevation near the Dismal

He described this facies as a fine sand, at least
(8.6 feet) thick, grading upward to a silty, very
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fine to fine sand.

Oaks and Coch

(1973)

later established

a type section for the Norfolk Formation at Womack pit
Lake Christopher)
section of Oaks

(now

(Figure 19), making the previous type

(1965) a reference section.

The type

section occurs in the subsurface and consists of a fossiliferous upper fine sand facies overlying fossiliferous
silty-sand; the section is 2.4 to 3 m
Oaks

(1965), Coch

(8 to 10 feet)

(1965), and Oaks and Coch

(1973)

thick.

further

subdivided the Norfolk Formation into 1) a pebbly, medium
to coarse sandy lower member which grades upward into
2) a finer-grained upper member comprised of eight facies:
a coarse-sand facies, a clayey-sand facies, a silty-clay
facies, a silty-sand facies, a medium-sand facies, a silt
facies, a sand facies, and a fine-sand facies.
Coch

(1968, 1971)

and Bick and Coch

(1969) assigned

sediments along the James River west of the Suffolk scarp
underlying the Huntington flat to the Norfolk Formation.
These sediments included a sand facies and a clayey-sand
facies of the Norfolk Formation underlying terraces at
elevations between 13.7 to 15.2 m

(45 to 50 feet).

The

total reported thickness of these facies was as much as
8.8 m

(29 feet).

Johnson

(1972, 1976) assigned surficial

deposits of the Huntington flat to the Norfolk Formation.
He subdivided these sediments into a clayey-sand facies, a
sand facies, and a silty-sand facies, none of which are
synonymous with the Norfolk Formation facies described by
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Figure 19.

Location map of selected borrow and landfill pits
within the study area.
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Oaks and Coch.
Detailed mapping of the present study area indicates a
need to abandon the Norfolk Formation and reassign sedi
ments formerly considered as part of the Norfolk Formation
to the Shirley Formation.
ation)

Johnson and Berguist

(in prepar

are establishing the Shirley Formation from outcrops

along the James River west of the present study area.
Because the Shirley Formation can be traced from Shirley
Plantation

(Figure 20) to Newport News, deposits of this

unit are appropriately designated herein.
Deposits which fill valleys at the base of the Shirley
Formation within this study consist of cobbly to bouldery,
coarse sand locally and peat deposits or organic-rich silty
clay interbedded with fine sand.

Crossbedded cobbly to

bouldery, coarse sand lining the lower portion of valleys
at the base of the Shirley Formation were observed near
Shirley Plantation and along the north bank of the York
River

(Appendix A, Sections 13-15), and also in borings

elsewhere in the study area

(Appendix A, Sections 16-18).

Lithologies of the cobbles and boulders indicate that these
sediments were derived from Precambrian and Paleozoic rocks
of the Piedmont, Blue Ridge, and Valley and Ridge Provinces
of Virginia.

The boulders vary up to 66 cm

(26 inches)

in

d iame t e r .
Organic materials which fill valleys include tree
trunks in living position, branches,

leaves, stems, root-
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Figure 20.

Deposits of the Shirley Formation traced from Shirley
Plantation seaward.
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lets, and nuts.

These plant remains are representative of

a variety of tree species: Car y a , Qu e r c u s , Taxodium,
Juglans, Pinus, F a q u s , and Liquidamber.
rich clay bodies are as much as 2.5 m
locally.

Peat and organic-

(8 feet) thick,

The organic materials are interbedded with

crossbedded fine sand, silt, clay, and pebble laminae.
These interbedded sand, peat, and organic-rich silty clay
sequences within valleys vary in thickness up to 18.3 m
(60 feet) or more
Johnson

(Appendix A, Sections 16, 17, and 19-21).

(1972, 1976) assigned these valley fill deposits to

the organic-silt facies and the clayey-sand facies of the
Norfolk Formation.
The valley fill deposits grade upward into a discon
tinuous sheet of cobbly to bouldery coarse sand which,
along with the valleys, defines the base of the Shirley
Formation beneath the Newport News terrace
Sections 14-26).

(Appendix A,

The cobbles and boulders are the same

lithologies as those lining the basal valleys.
Crassostrea virginica locally overlie or are mixed in
with the coarse basal deposits.

These basal deposits grade

upward into finer-grained sediments which include light
gray to yellow brown, locally crossbedded,

feldspathic,

fine to coarse quartz sand containing heavy minerals and
locally interbedded with silty, fine-sandy clay
A, Sections 13-15, 17, 18, and 20-26) .

(Appendix

Crassostrea

virginica, Mercenaria mercenaria Linne, Rangia s p . ,
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Yoldia s p . , Mulinia lateralis S a y , Nassarius trivittatus
(Say), Retusa canaliculata
transversa

(Say), Epitonium s p . , Anadara

(Say), Noetia ponderosa

(Say), Area s p . , and

Callianassa and other burrows occur locally in the eastern
portion of these deposits.

Where the Shirley deposits

occur upstream along the estuaries, there is a different
fossil assemblage: along the Rappahannock River, this
assemblage consists of Rangia cuneata and Crassostrea
virginica near the base and changes upward to an assemblage
dominated by Mercenaria m e r c e n a r i a , Taqelus plebeius,
echinoid spines, and Ophiomorpha burrows;

along the James

River are Rangia c uneata, Mulinia lateralis, and Polynices
duplicatus.

Table 5 lists the faunal assemblages observed

in deposits of the Shirley Formation.

The basal deposits

grade upward into micaceous, quartzose, fine sand to silty
clay with scattered pebbles locally
13-15,

17, 18, and 20-26).

(Appendix A, Sections

The uppermost sediments are

generally coarser near the Hazelton scarp

(Appendix A,

Sections 20 and 24) than further from this scarp
A, Sections 15, 17, 18, 21-23, 25, and 26).

(Appendix

These upper

sediments contain scattered pebbles and grade laterally
into pebbly sand"n'ear the Hazelton scarp.
(1973)

Oaks and Coch

referred to the upper silty-clay sediments under

lying the Hall Pocosin flat as the silty-clay facies of the
Norfolk Formation.

Johnson

(1976) referred to the clayey

fine sand and clay in the southern tip of the Huntington
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TABLE 5
UPPER PORTION OF SEQUENCE
Along the Rappahannock River
Schizoporella sp.
Busycon carica
Mitrella lunata
Nassarius trivittatus
Odostomia dux
Polynices duplicatus
Anadara transversa
Mercenaria mercenaria
Tagelus plebeius
Cancris sagra
Discorbis floridana
Elphidium clavatum
Globigerina sp.
Protelphidium tisburyense
^uinjueloculina s p .
Rotalia beccarii
Hydroides dianthus
Cancer irroratus
Decapod fragments
Echinoderm spines

Along the James River
Epitonium rupicolum
Busycon carica
Mulinia lateralis
Nassarius trivittatus
Nuculana acuta
Polynices duplicatus
Anadara transversa
Mercenaria mercenaria
Noetia ponderosa
Area sp.
Busycon canaliculatum
Prunum roscidum
Eupleura caudata
Olivella mutica
B a m e a costata
Ensis directus
Tellina agilia
Abra aequalis
Venericardia borealis
Brachidontes recurvus

LOWER PORTION OF SEQUENCE
Along the Rappahannock River
Crassostrea virginica
Rangia cuneata

Along the James River
Crassostrea virginica
Rangia cuneata

List of fauna from the Shirley Formation (based on reports of
Richards, 1950; Coch, 1968, 1971; Oaks and Coch, 1973; and
Farrell, 1979; and upon personal observation).
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flat as the sand facies of the Norfolk Formation.
Linear ridges of crossbedded,

fine to medium sand of

the Shirley Formation occur along the eastern margin of the
Hall Pocosin flat

near Smithfield and Benns Church,

Virginia

(Appendix A, Sections 27 and 28) and in North

Carolina

(Appendix A, Section 29).

and Coch

(1973) referred to the sands underlying the ridge

Coch

(1971)

and Oaks

at Smithfield as the coarse sand facies of the Norfolk
Formation.

These sand ridges overlie fine-sandy silt

deposits, and interfinger with fine-sandy silt to the west
(Appendix A, Sections 27 and 30).

Coch

(1971) referred to

the finer sediments west of the ridge at Smithfield as the
clayey-sand facies of the Norfolk Formation.
The Shirley Formation unconformably overlies the
Yorktown Formation and ramps onto older Pleistocene depo
sits at the Hazelton scarp.

Sediments of the Tabb Forma

tion unconformably overlie the Shirley Formation deposits
locally and ramp onto the Shirley Formation sediments at
the Suffolk and Big Bethel scarps.

TABB FORMATION

The late Pleistocene

(Cronin and others,

1981)

Sedgefield and Lynnhaven members of the Tabb Formation were
named and mapped by Johnson
Peninsula.

(1976) on the York-James

Sediments of these members underlie the Rescue
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terrace, the Chesapeake terrace, the Fentress rise, the
Deep Creek swale, the Oceana ridge, and the subsurface of
the Dismal Swamp.

Lithofacies within the Sedgefield and

Lynnhaven members were previously assigned to the Great
Bridge, Norfolk, Londonbridge, Kempsville, and Sand Bridge
formations by Coch

(1968, 1971)

and Oaks and Coch

(1973)

(Table 4).

Subsequent publications continued the use of

these names

(Mixon and others,

1982; Darby, 1983).

Sedgefield Member of the Tabb Formation

In the study area, deposits of the Sedgefield Member
of the Tabb Formation constitute the surficial deposits
over most of the Rescue terrace, the Fentress rise, and the
Oceana

Ridge, and also occur in the subsurface of the

Dismal

Swamp, the Deep Creek

terrace.

These deposits reach a maximum thickness of 7.6 m

(25 feet).
sand

Valleys which are lined with fine to coarse

(Appendix A,

of the

swale, and the Chesapeake

Sections 1and 31-38)

Sedgefield Member and

occur at the base

are filled with an organic-

rich, silty clay and peat containing Taxodium and other
tree trunks in living position as well as roots, tree
branches and stems.

In its upper portion, this organic-

rich silty clay locally contains Crassostrea virginica
Gmelin, Polynices duplicatus, and Cyrtopleura, along with
wood fragments

(Appendix A, Section 1).

Oaks and Coch
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(1973) assigned these sediments to the lower member of the
Great Bridge Formation.
The valley-fill deposits are locally overlain by fine
to medium sand and also by a sheet of fossiliferous, pebbly
to cobbly,

fine to coarse sand which slopes at a very low

angle seaward

(Appendix A, Sections 1, 35, and 36).

Fossil

shells within these sediments are predominantly Crassostrea
virginica and Mercenaria m e r c e n a r i a .

Many shells are

articulated and in living position; however, they are
locally disarticulated and broken into a biofragmental
sand.

Other fossils in this coarse unit include Noetia

ponderosa, Urosalpinx c i n e r a , crabs, and various cheilostomatous bryozoans.

Table 6 lists the faunal assemblages

within deposits of the Sedgefield Member of the Tabb
Formation.

The pebbly to cobbly,

fine to coarse sand

extends laterally as a discontinuous basal sheet up to 0.5
m

(1.6 feet)

thick throughout the Sedgefield Member at

elevations between 0 and 3 m

(0 and 14 feet)

Sections 16, 19, 33-41, and 33).

(Appendix A,

This coarse, basal sheet

forms a sharp contact between Sedgefield sediments and
those of the Shirley Formation
19), the Chowan River Formation

(Appendix A, Section 16 and
(Appendix A, Sections 1,

35, 36, and 43), and the Yorktown Formation

(Appendix A,

Sections 33, 34, 37, 38, 40, and 41).
Sediments overlying the coarse basal portion of the
Sedgefield Member vary with respect to geographic location.
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TABLE 6
UPPER PORTION OF SEQUENCE UNDERLYING AND WEST OF THE FENTRESS RISE
Nuculana acuta
Nassarius acutus
Mercenaria mercenaria
Mulinia lateralis
Spisula solidissima
Pandora gouldiana
Hydroides sp.

Eupleura caudata
Dinocardium robustum
Dosinia discus
Macoma balthica
Pitar morrhuana
Polynices duplicatus
Nucula proxima

UPPER PORTION OF SEQUENCE EAST OF THE FENTRESS RISE
Nassarius vibex
Ensis d i r e c u s
Corbula contracts
Prunum roscidum
Turbonilla interrupts
Busycon carica
Balanus improvisus
Spisula solidissima

Anadara transversa
Cumingia tellinoides
Mitrella lunata
Olivella mutica
Polynices duplicatus
Acteocinia canaliculata
Mellita sp.
Echinoid spines

LOWER PORTION OF SEQUENCE
Cyrtopleura costata
Rangia cuneata

Crassostrea virginica
Tagelus plebeius

List of fauna from the Sedgefield Member of the Tabb Foramtion
(based on reports of Richards, 1950; Oaks, 1965; and Oaks and
Coch, 1973; and upon personal observation).
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Underlying the Amburg plain, the Gloucester Point flat, the
Hornsbyville flat, and the Churchland flat, the sediments
grade upward into a fine to medium sand which inturn grades
upward into a fine-sandy, clayey silt
31, 32, 34, 39-41).

(Appendix A Sections

The fine to medium sand in the middle

portion is gray to yellowish-brown quartz sand which varies
in thickness up to 3 m

(10 feet).

scattered throughout the sand.

Heavy minerals are

Iron-manganese oxide

commonly cements the sand at the water table.

The over-

lying fine-sandy clayey silt, which varies up to 0.5 m
feet)

(1.6

thick, is usually light gray with yellowish-brown

mottling, and lacks any discernible bedding or laminae.
Coch

(1968) assigned the sediments underlying the Church

land flat to the silty-sand facies of the Norfolk Forma
tion.

Johnson

(1972) assigned the sediments underlying the

Hornsbyville flat to the sand facies of the Norfolk Forma
tion.

Oaks and Coch

(1973) assigned sediments underlying

the Holocene deposits at the Dismal Swamp to the mediumsand facies of the Norfolk Formation.
On the Todds flat, the fining-upward sequence of the
Sedgefield Member is covered by a series of arcuate sandy
ridges which trend northeast across the flat.
are less than 1.5 m

(5 feet)

elevation from 11 m

(35 feet)

(20 feet)

in the south.

The ridges

in relief and decrease in
in the north to less than 6 m

Johnson

(1976) assigned the

sediments underlying the Todds flat to the Sedgefield
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Member of the Tabb Formation.
Oaks and Coch

(1973) reported tracing sediments

equivalent to the deposits of those considered herein as
the Sedgefield Member under the Fentress rise, the Oceana
Ridge, and the subsurface of the Mt. Pleasant flat.

In the

Fentress rise, the coarse basal deposits grade upward into
a fine to medium quartz sand with heavy minerals.
these sands occur horizontal,

Within

fossiliferous beds dominated

by Mercenaria mercenaria and serpulid worm bioherms, both
in living position

(Appendix A, Section 1).

Other fossils

include Spisula solidissima Dilwyn and Callianassa burrows.
Where groundwater migration has leached fossil shells,
ghost fossils are usually visible;

in places, the perios-

tracum of leached Mercenaria shells still remains.

The

fine to medium sands grade upward into pebbly fine to very
coarse crossbedded sands dipping up to 10 degrees to the
southeast.

Heavy mineral laminae commonly line the base of

individual crossbeds, which typically grade upward from
pebbly, coarse sand into medium to coarse sand.

Laterally,

there are local multidirectional crossbeds which dip as
much as 30 degrees.

Oaks and Coch

(1973) assigned the

fossiliferous sediments in the subsurface of the Fentress
rise to the sand facies of the Norfolk Formation and the
upper fossiliferous, pebbly,
Kempsville Formation.

fine to coarse sand to the

They assigned the pebbly sand

underlying the Oceana ridge

(Appendix A, Section 42) to the
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sand facies of the Londonbridge Formation.
Subsurface sediments of the Sedgefield Member under
lying the Mt. Pleasant flat also consist of a pebbly to
cobbly,

fine to coarse-sandy basal zone overlain by a

Crassostrea-rich zone which grades upward into a light
gray,

fossiliferous fine sand

36) .

The fine sand grades laterally eastward and northward

into clayey silt.

(Appendix A, Sections 35 and

The fossils in these sediments differ

from those to the west.

The fossil assemblage includes

Busycon c a rica, Spisula solidissima, Polynices duplicatus,
Mercenaria m e r c e n a r i a , Anadara transversa, Mulinia
lateralis, Crepidula fornicata, Olivella mutica Say,
Nassarius vibex Say, cheilostomatous bryozoans, and abun
dant echinoderm fragments

(Table 6).

Oaks and Coch

(1973)

also reported microfossils in these deposits: circular,
granular, non-ornamented diatoms, Elphidium sp., and
Buccella sp.

Oaks and Coch

(1973)

assigned the fine sand

and clayey silt of the Sedgefield Member to various forma
tions depending on locality.

They assigned the subsurface

fine sand and clayey silt underlying the Mt. Pleasant flat
to the sand facies and silt facies, respectively, of the
Norfolk Formation.

The subsurface clayey silt which occurs

west of the Oceana ridge and which intertongues with the
sand underlying the Oceana ridge was designated as the
clayey silt facies of the Londonbridge Formation.

The

subsurface clayey silt between the Fentress rise and the
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Pungo ridge and underlying the Pungo ridge was assigned to
the clayey-silt facies of the Great Bridge Formation.

Lynnhaven Member of the Tabb Formation

The Lynnhaven Member of the Tabb Formation was estab
lished by Johnson
Peninsula.

(1976)

for sediments on the York-James

In the present study, surficial sediments

underlying the most of the Chesapeake terrace are assigned
to the Lynnhaven Member of the Tabb Formation.
sediments vary in thickness up to 2 m

These

(6.6 feet).

Only one valley has been observed at the base of the
Lynnhaven Member

(Appendix A, Section 43).

The 3-m

(10-foot) deep channel cuts through bioturbated silty fine
sand of the Sedgefield Member of the Tabb Formation and is
filled with crossbedded fine to medium sand interlaminated
with coarse sand and heavy minerals in crossbeds which dip
15° to 25° to the southwest.
The valley-fill deposits grade upward into gray,
clayey, silty,

fine sand or fine-sandy silt which locally

constitutes the discontinuous sheet of basal deposits of
the Lynnhaven Member in the Deep Creek swale and some areas
of the Mt. Pleasant flat, the Hampton flat, and the Mathews
plain

(Appendix A, Sections 44-50).

Elsewhere, the discon

tinuous basal sheet of the Lynnhaven Member consists of
pebbly,

fine to coarse sand

(Appendix A, Sections 51-55) .
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These sections show that the Lynnhaven Member rests unconformably on: the Yorktown Formation in portions of the
Matthews plain and portions in the northern part of the
Hampton flat; valley-fill deposits of the Shirley Formation
in the southern part of the Hampton flat; and the Sedge
field Member in the Deep Creek swale, portions in the
northern part of the Hampton flat, and portions of the
Mathews plain.
The basal deposits of the Lynnhaven Member grade
upward into light gray, clayey silt or silty clay

(Appendix

A, Sections 44, 46, 49, and 55), clayey or silty fine sand
or fine-sandy silt

(Appendix A, Sections 43, 45, 47, 48,

50, and 54), and fine-sandy silt with scattered pebbles
locally

(Appendix A, Section 51-53).

Oaks and Coch

(1973)

assigned these sediments of the Lynnhaven Member underlying
the Mt. Pleasant flat to the silty-sand facies of the Sand
Bridge Formation.

Johnson

(1976) assigned the sediments

underlying the Hampton flat to the Lynnhaven Member of the
Tabb Formation.
The Lynnhaven Member overlies older deposits along the
Big Bethel scarp.
is sharp

On the York-James Peninsula this contact

(Johnson, 1976; Appendix A, Section 54), consis

ting of cobbly, coarse sand overlying deposits of the
Shirley Formation, the Sedgefield Member of the Tabb
Formation, or the Yorktown Formation, depending on loca
tion.

Pebbly, coarse sand or finer materials overlying
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older deposits mark this unconformity elsewhere

(Appendix

A, Section 51-55).
The Lynnhaven basal lag-deposits grade upward into
finer-grained sediments.

This upward-fining sedimentary

sequence is relatively thin compared to the Shirley and
Sedgefield deposits.
up to 2 m

Lynnhaven deposits vary in thickness

(6.6 feet).
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D IS C U S S IO N

INTRODUCTION

The landforms and stratigraphy of Quaternary deposits
in southeastern Virginia and northeastern North Carolina
are consistent with those predicted by the transgression
model presented herein.

Each Quaternary formation in the

study area is bounded by unconformities and consists of an
upward-fining stratigraphic sequence with locallized valley
fills at the base of each sequence.

The transgression

model thus obtains general application and predicts the
landforms and stratigraphic sequences which result from a
marine transgression across a dissected coastal plain.

APPLICATION OF THE TRANSGRESSION MODEL

GENERAL STATEMENTS

Application of the transgression model allows a
simplified geologic interpretation of coastal plain land
forms and stratigraphic sequences.

The model accounts for

both vertical and lateral facies changes within each
91
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formation-.• and thus facilitates regional correlation of the
Quaternary formations.

SHIRLEY FORMATION

During the low stand of sea level which preceded
Shirley time, stream valleys entrenched the coastal plain.
Deposits of the Shirley Formation accumulated during a
marine transgression across this dissected coastal plain.
Fossil shells from the Shirley Formation have been dated by
uranium-series techniques as 187,000 ±20,000 years B.P. in
age

(Cronin and others,

1981).

Chairman of the INQUA Commission

Gerald M. Richmond,
(personal communication)

stated that the INQUA Commission places this date within
middle Pleistocene time

(780,000 to 130,000 years B.P.).

Fluvial deposits which accumulated in stream valleys cut
during the preceding low stand of sea level can be seen in
borrow pits at Shirley Plantation, the Chickahominy Sand
and Gravel Pit, the Williams Corporation Sand Pit on the
York-James Peninsula

(Figure 19), and in borehole samples.

The fluvial deposits accumulated in the ancestral James
River and vary from channel deposits of crossbedded sand
and gravel to silt and clay which was deposited in meander
cutoffs or in portions of the river where the water was
slower moving.

The fluvial influence is generally greater

upstream than downstream.
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During the early stage of marine transgression,
gradients were reduced.

stream

Consequently, stream valleys were

flooded and former fluvial environments changed successive
ly into swamp and estuarine environments as sea level
continued to rise.

As a result, fluvial deposits graded

upward and laterally into paludal and estuarine deposits
consisting of peat, vegetative debris, and organic-rich
sand,

silt, and clay.

Such deposits can be seen in great

detail at the Williams Corporation of Virginia Sand Pit,
and also along the Rappahannock River and in borehole
samples near Corapeake, North Carolina

(Appendix B, Sec

tions 1,2, and 3).
Mass wastage and waves eroded older deposits of the
fastland along the shoreline during the marine transgres
sion.

Where cobbly to bouldery, coarse sand was available

to erosion, these sediments accumulated in the surf zone as
a narrow pavement at each successive shoreline position as
the shoreline advanced landward.
clay,

Along reaches where only

silt, or sand were available to erosion, the coarser

lag deposits are absent.

Consequently, a discontinuous

sheet of relatively coarse lag deposits developed, marking
the base of the Shirley Formation.

The lag deposits

cut across older Tertiary deposits and portions of the
basal valley-fill deposits.

Exposures along the

Rappahannock and York rivers and in the Williams Corpora
tion of Virginia Sand Pit and boreholes elsewhere in the
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study area clearly demonstrate that lag deposits form a
sheet which truncates older Tertiary deposits and partially
overlies valley-fill deposits

(Appendix B, Sections 1,2,3,

and 4).
The lag deposits and valley-fill deposits of the
Shirley Formation grade vertically and laterally into
estuarine or bay sand, silt, and clay.

Crassostrea

virginica shells were found in Shirley deposits near Ft.
Eustis, Virginia.

Coch

(1968)

also reported Crassostrea

virginica at Benns Church, Virginia.

These fossils provide

evidence that these sediments accumulated under brackish
water conditions.

A barrier existed to the east of the

study area, creating this embayed area.

The barrier

subsequently migrated westward, covering sediments which
had accumulated when the embayed area existed.

This

relationship of barrier sediments overlying bay sediments
is preserved as the Smithfield barrier at Benn's Church and
Smithfield, Virginia

(Appendix B, Section 5).

Although

this barrier is not preserved in its entirety, apparent
continuations of it extend to the south as the Suffolk Sand
ridge

(Figure 15).
The Suffolk sand ridge extends into North Carolina and

sweeps westward as a series of recurved spits near Tyner,
North Carolina.

The barrier extends along the eastern

margin of the Hall Pocosin flat.

The recurved spits

preserved at the southern extent of the Suffolk sand ridge

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

95
apparently were associated with an ancient equivalent to
Albemarle Sound.

The Hall Pocosin flat thus formed when

sediments accumulated in the embayed area landward of the
barrier.

When sea level subsequently dropped, these

sediments remained as a terrace.
Small sand ridges occur also on the Huntington flat,
the Hall Pocosin flat near Lawson, and the Hardyville flat
(Figure 15).

These ridges decrease in elevation toward the

estuaries and are parallel to the estuaries.

The ridges

are probably stranded spits associated with tributary
mouths of estuaries entering the ancient equivalent of the
Chesapeake Bay.
Sediments entering the estuary from upstream and also
from deposits eroded along the bay and estuary shorelines
accumulated in the embayed areas.

These sediments vary in

grain size from medium sand to silt and clay and accumula
ted in the embayed areas as sea level rose and also during
the sea level high stand.

Marshes which developed adjacent

to shorelines accreted vertically as sea level rose,
trapping suspended sediments from the water column.

In

deeper areas, the sediments which settled from the water
were disturbed by burrowing organisms.
Shirley Formation deposits are widespread parallel to
present estuaries in the study area

(Plate 3).

This

indicates that these sediments were deposited in estuaries.
Shirley deposits underlying the Hall Pocosin flat accumula-
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ted in an ancient equivalent to the Albemarle Sound.
Shirley deposits underlying the Hardyville and Huntington
flats accumulated in an ancient equivalent to the Chesa
peake Bay

(Figure 21).

The Shirley deposits parallel to

the James and York Rivers indicate that these rivers were
situated slightly north of their present courses.

However,

based on the location of Shirley deposits along the Piankatank and Rappahannock rivers, the courses appear to have
been situated slightly south of the modern courses
(Plate 3).
Sea level during Shirley time reached an elevation of
approximately 14 m
sea level.

(48 feet)

relative to local, modern mean

This elevation marks the toe of the Hazelton

scarp, which separates sediments of the Shirley Formation
from those of older Pleistocene deposits.

Coarser sedi

ments which accumulated along the beach during the Shirley
sea level high stand can be observed to overlap older
deposits along the Hazelton scarp

(Appendix B, Sections 6

and 13).

SEDGEFIELD MEMBER OF THE TABB FORMATION

After the Shirley sea regressed, streams entrenched
deposits of the Shirley and older formations.

A subsequent

marine transgression again reduced stream gradients,
allowing fluvial and paludal deposits of the Sedgefield
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Figure 21.

Map showing the paleogeography of southeastern
Virginia and northeastern North Carolina during
Shirley time.
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Member of the Tabb Formation to accumulate in the channels.
Uranium-series and amino-acid racemization dates derived
from fossils within sediments of the Sedgefield Member
indicate this marine transgression occurred approximately
70,000 to 90,000 years B.P.

(Belknap and Wehmiller,

1980;

Cronin and others, 1981), which is late Pleistocene time
according to the INQUA Commission
communication).

(Richmond, personal

Sedgefield channel-fill deposits are

exposed in several sand and gravel pits: Gomez, City Line,
and Thrasher

(Appendix B, Section 8).

Borehole samples

also indicate Sedgefield channel-fill deposits locally
underlying the Rescue terrace
and 15) and the Dismal Swamp

(Appendix B, Sections 5, 14,
(Appendix B, Section 9).

As rricir i ne transgression continued, mass wastage and
waves again eroded older deposits.

Cobbly to bouldery,

coarse sand remained as a narrow pavement at each shorline
position,

forming a discontinuous sheet of lag deposits as

the shoreline position advanced landward.

These basal lag-

deposits of the Sedgefield Member slope at a very low angle
seaward and truncate valley-fill deposits of early Sedge
field time as well as deposits of the Shirley, Chowan
River, or Yorktown formations

(Appendix B, Sections 1-11,

13-16, and 19).
The coarse basal deposits and channel-fill deposits of
the Sedgefield Member grade upward into locally fossiliferous, fine to medium sand.

In the Fentress rise/Oceana
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ridge region and in the southern portion of the York-James
Peninsula, channel-fill and coarse basal deposits are
covered and mixed in with a laterally extensive bed of
Crassostrea virginica

(Appendix 3, Sections 1 and 8-11).

A

barrier must have existed east of the present Virginia
Beach area in order for such an extensive embayed area to
exist

(Figure 22).

East of the Fentress rise, the

Crassostrea bed grades vertically and eastward into fine
sand containing nearshore marine fossils.

Whole fossils of

these species are preserved in the City Line pit, but only
broken fragments and trace fossils of these species can be
seen at the Thrasher pit

(Figure 19).

Underlying the Fentress rise, the Crassostrea bed
grades vertically into fine sand containing horizontal beds
of Mercenaria mercenaria.

Serpulid worm bioherms and

corals occur directly on some of the Mercenaria beds
(Appendix A, Section 1).

Other fossil species found with

the Mercenaria assemblage also indicate a brackish water
environment.
Elsewhere, the coarse basal deposits of the Sedgefield
Member grade upward into fine to medium sand which contin
ues to fine upward into fine sand, silt, and clay
B, Sections 12-16).

(Appendix

Marsh grass debris is found dissemina

ted locally throughout these finer-grained materials.
The Sedgefield barrier system migrated landward as
marine transgression continued.

A portion of this barrier
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Figure 22.

Map showing the paleogeography of southeastern
Virginia and northeastern North Carolina during
late Sedgefield time.
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underlying the Fentress rise can be seen at Gomez pit
(Appendix A, Section 1).

At this locality, barrier sedi

ments overlie bay sediments.

The barrier sediments consist

of crossbedded, pebbly sand, and include tidal inlet
deposits where the Sedgefield sea breached the barrier
system.

Jasper

(1982)

at the New Light pit

reported a major tidal inlet channel

(now flooded).

In the upper portion of the Fentress rise, Sedgefield
barrier deposits exhibit complex stratigraphic relation
ships.

A stratified silt and clay unit which overlies the

barrier crossbeds is predominantly horizontally stratified,
but contains shallow channels locally which truncate
barrier deposits.

One deeper channel filled with silty

clay occurs at the base of this unit.

Apparently, the

Fentress rise barrier system became submerged, but the
Oceana ridge barrier system remained emergent.

Marshes or

tidal flats developed over the Fentress rise in the protec
ted environment created by the Oceana ridge

(Figure 23).

The Sand-ridge and Mud-flat complex probably extended
from the Oceana ridge as a barrier system during late
Sedgefield time.

Oaks and Coch

(1973) traced sediments

from the subsurface of the Mt. Pleasant flat
equivalent to the Sedgefield Member)

(herein

as intertonguing with

sediments underlying the Oceana ridge and the Sand-ridge
and Mud-flat complex.
The Deep Creek swale formed because Sedgefield sedi-
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Figure 23.

Map showing the paleogeography of southeastern
Virginia and northeastern North Carolina during
latest Sedgefield time.
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ments did not entirely fill the embayed area between the
Fentress rise and the Suffolk scarp.

The Sedgefield

sediments which occur in the subsurface of the Deep Creek
swale are locally covered by Holocene deposits and sedi
ments of the Lynnhaven Member of the Tabb Formation.
North of the James River, Sedgefield sediments consti
tute the surficial deposits of the Todds flat, Huntington
flat, Gloucester Point flat, and Amburg flat, and occur in
the subsurface beneath the entire Chesapeake terrace.

A

large spit of crossbedded, pebbly, coarse sand formed
during Sedgefield time; the spit trends southwest along the
Suffolk scarp on Ware Neck

(Appendix B, Section 20).

The

barrier system which existed to the east of this area was
apparently close to the present Eastern Shore peninsula.
Mixon and others

(1982) indicate that crossbedded sand and

gravel deposits exist on the Eastern Shore at an elevation
analogous to that of Sedgefield deposits in the study area,
but do not interpret any specific environment of deposition.
Sea level during Sedgefield time reached an elevation
of approximately 9 to 9.7 m
modern, mean sea level.

(30 to 32 feet) relative to

This elevation marks the toe of

the Suffolk scarp, which separates Sedgefield deposits from
older Pleistocene deposits.

Cobbly, coarse sand which

accumulated along the shoreline during the Sedgefield sea
level high stand overlap older deposits along the Suffolk
scarp.
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LYNNHAVEN MEMBER OF THE TABB FORMATION

Following the regression of the Sedgefield sea,
streams again eroded subaerially exposed deposits.
However,

stream entrenchment of the Sedgefield Member of

the Tabb Formation is only minor.

The lack of deep or

extensive dissection suggests that marine regression
between Sedgefield and Lynnhaven time was relatively short
compared to previous regressions recorded by Coastal Plain
deposits.
Currently, the only evidence of stream channelization
following regression of the Sedgefield sea has been found
at Yadkins sand pit.

At this locality, crossbedded fine to

medium sand fills an entire channel which is 3.3 m
feet) deep.

(10

This channel truncates Sedgefield deposits

consisting of burrowed silty clay.
In general,

there are no thick accumulations of coarse

lag deposits defining the base of the Lynnhaven Member
because eroded deposits of the Sedgefield Member yielded
mostly fine sand, silt, and clay
8-12, and 17-19).

(Appendix B, Sections 4,

However, in the York-James Peninsula,

Sedgefield deposits containing large cobbles were eroded
and reworked during Lynnhaven time, forming major beach
deposits and a cobbly sheet which overlies Yorktown and
Sedgefield deposits

(Appendix B, Section 13).

This locali

ty provides crucial information supporting the existence of
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the Lynnhaven Member because it is so difficult to distin
guish Lynnhaven deposits from Sedgefield deposits through
out most of the study area.
Lynnhaven deposits apparently accumulated landward of
a barrier system.

The Lynnhaven sediments consist mostly

of silt and clay with scattered fine sand and pebbles.
Rootlets and vegetative remains of marsh grasses are
scattered throughout the Lynnhaven sediments, indicating
that extensive marsh areas accreted as sea level rose.

The

Fentress rise and Oceana ridge again served as a barrier
system protecting embayed areas during Lynnhaven time.
ridges in the Sand-ridge and Mud-flat complex
Coch, 1973)

The

(Oaks and

also existed as a barrier system at this time

(Figure 24).
Sea level during Lynnhaven time reached an elevation
of approximatedly 5.5 to 6 m
modern, mean sea level.

(18 to 20 feet) relative to

This elevation marks the toe of

the Big Bethel scarp, which separates the Lynnhaven depo
sits from older deposits.

The Big Bethel scarp is distinc

tive throughout most of the study area, especially where it
truncates deposits of the Shirley Formation
3).

(Plates 1 and

However, in the area landward of the Fentress rise,

the Big Bethel scarp is not distinctive;

instead, the

topography descends gently from an elevation of approximate
ly 6.7 m
m

(22 feet) on the Fentress rise to approximately 3

(10 feet in the Deep Creek swale, and then ascends gently
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Figure 24.

Map showing the paleogeography of southeastern
Virginia and northeastern North Carolina during
Lynnhaven time.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

PRESENT

COAST

LYNNHAVEN COAST
LYNNHAVEN SHOALS

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

107
to the Suffolk scarp.
to

6m

(18 to 20 feet)

Because the Big Bethel scarp is 5.5
in elevation elsewhere, it is

obvious that the Lynnhaven shoreline landward of the
Fentress rise was also this elevation; but in this protec
ted, backbarrier setting, there was little shoreline
erosion and thin accumulations of Lynnhaven sediments
locally overlapped the Sedgefield deposits.

Stratigraphic

evidence supports this theory because the sediments along
the Lynnhaven shoreline landward of the Fentress rise are
slightly coarser than the Lynnhaven sediments which accumu
lated in the embayed area and also the Sedgefield deposits
to the west.

Except in the York-James Peninsula, where

Lynnhaven shoreline sediments consist of a cobble sheet
resting disconformably over Sedgefield deposits, the
Lynnhaven shoreline sediments are typically silty fine to
coarse sand.

SEA-LEVEL OSCILLATIONS

Sea-level oscillations are interpreted from strati
graphic and geomorphic evidence and also from oxygen
isotope ratios derived from foraminiferal tests in deep sea
cores.

Sea level curves are generated from the evidence of

sea level oscillations in order to better understand the
mechanisms which produce such changes.
Sea-level curves are graphs which represent the number
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and elevations of relatively higher and lower stands of sea
level which have occurred through geologic time.

Sea-level

curves are calibrated to geologic time by using some type
of radiometric dating technique along with the assumption
of constant sedimentation rates.

Only sea-level curves

which extend to at least middle Pleistocene time are
appropriate for use in the study area because uraniumseries dates, amino-acid racemization dates, and biostratigraphic correlation of the fossils found in the study area
indicate a middle to late Pleistocene age for all forma
tions of this study

(Table 7).

Although it is not within the scope of the present
study to establish or justify a sea-level curve, it is
possible to compare sea-level curves presented in the
literature to information derived from data within the
study area.

Figures 25 and 26 illustrate the similarity in

shape among sea-level curves based on 1) stratigraphic and
geomorphic data

(Fairbridge, 1961, 1971; Broecker and

others 1968; Mesolella and others,
Bloom and others, 1974; Stearns,
1981)

1969; Chappell, 1974;

1976; Cronin and others,

and on 2) the integration of isotopic and radiometric

data from deep sea cores with ice volume and ocean volume
calculations
Mathews,

(Shackleton and Opdyke,

1978; Zellmer, 1979).

1973; Fairbanks and

The most prominent point of

agreement among the various curves is the sea-level high
stand approximately 120,000 years B.P.

(Table 8). In this
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TABLE 7

Cronin and others
(1981)
Belknap and
Wehmiller
(1980)

prohibited without perm ission.

Cronin and others
(1981)

Dating
Technique

Unit according
to present study

Uranium-series

Shirley Formation

Approximate sea-level high
stand (with respect to modern
mean sea level) according to
stratigraphic and geomorphic
relationships
14.6 m (48 feet)

Age
(Years B. P.)

187,000
±20,000

Amino-acid
racemization

Sedgefield Member
of the Tabb Formation

9.8 m (32 feet)

70.000 to
90.000

Uranium-series

Sedgefield Member
of the Tabb Formation

9.8 m (32 feet)

74.000 ±4,000
75.000 ±5,000
72.000 ±4.000

Dates of fossils within formations of the study area.

Figure 25.

Sea-level curves based on geomorphic and
stratigraphic data: A) after Cronin and others
(1981), B) after Chappell (1974) , and C) after
Mesoleila and others (1969) .
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Figure 26.

Sea-level curves based on the integration of oxygenisotope data and ice-volume/ocean volume calcula
tions: A) after Zellmer (1979) , B) and C) after
Shackleton and Opdyke (1973).
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TABLE 8

Age (Years B.P.)
107,000

Zellmer (1979)

120,000

220,000

prohibited without perm ission.

Dillon and Oldale
(1978)

83,000

121,000

Karlstrom (1968)

78,000

120,000

Thurber and others
(1965)

85,000

120,000

Stearns and Thurber
(1965)

75,000

140,000

Dodge and others
(1983)

81,000

Cronin and others
(1981)

75,000

187,000

Mixon and others
(1980)

71,000

184,000

108,000

220,000

130,000

Times of sea-level high stands according to various authors.
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study, the sea-level curve of Shackleton and Opdyke
as modified by Zellmer

(1979)

(1973)

is used for comparison to the

stratigraphic and geomorphic data in the study area because
it extends back into the middle Pleistocene and because it
is based on data gathered worldwide.
No precise agreement exists among dates derived from
samples in the study area and the dates assigned to sealevel high stands in the sea-level curves.

Five points of

consideration pertain to this apparent lack of accuracy:
1)

the fossils which were dated may have been subject to

contamination, thus causing the dates to be inaccurate
(Bowen, 1978) or may yield inaccurate dates due to the
effects of temperature on the uptake of uranium
others,

(Mixon and

1982); 2) the fossils found in situ are covered by

as much as 3 m

(10 feet)

of sediments, indicating that the

date of the particular sea level high stand is more recent
than that of the fossils' dates;

and 3) the amplitude of

the oxygen-isotope curve which indicates the high stand of
sea level is subject to error in oxygen-isotope measure
ments, resulting in a sea-level error at least as much as
±5.5 m

(±18 feet)

(Zellmer, 1979); 4) the elevation of

geomorphic features may have moved due to tectonic or
isostatic instability since the time of the corresponding
sea-level high stand; and 5) the stratigraphic record of a
high stand may have been destroyed by subsequent erosion
during sea-level oscillations.
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Cronin and others

(1981), using uranium-series dating

techniques to derive a date of 187,000 ±20,000 years B.P.
for a coral from the Shirley Formation.
(1982)

Mixon and others

obtained a date of 184,000 ±20,000 years B.P.

corals from this same locality.

for

If these dates are accur

ate, the error range in dating allows a possible correla
tion with the sea level high stand of approximately 200,000
years B.P. indicated in the oxygen-isotope curve of
Shackleton and Opdyke
Also, Mixon and others

(1973) as modified by Zellmer
(1982)

(1979) .

investigated the possible

effects of regional differences in diagenetic modification
of coralline material.

The results of their study indicate

that uranium-series dates on corals of presumed contempor
aneous age but different locality are greater in the
Caribbean and progressively younger northward.

This lends

support to the correlation of the 184,000 to 187,000
±20,000 years B.P. date with the 200,000 years B.P. date
indicated in oxygen-isotope sea level curve.
If the 200,000 years B.P. sea level high stand indica
ted on the oxygen-isotope curve of Shackleton and Opdyke
(1973) as modified by Zellmer

(1979)

is correlated with

deposits of the Shirley Formation, the amplitude error of
the curve must be greater than ±5.5 m

(±18 feet) because

the geomorphic evidence indicates that the sea-level high
stand during Shirley time was approximately 14.6 m
(48 feet).

Stienstra

(1983) generated a sea-level curve
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based on data presented by Emiliani
derived from Caribbean cores.
of Shackleton and Opdyke

(1978) which was

The curve is similar to that

(1973) .

Stienstra

(1983)

then

applied corrections for the local uplift trend in the
Leeward Netherlands Antilles.

The results include a

220.000 years B.P. high stand at approximately 15 m

(49

feet) which correlates remarkably well with the evidence
herein for a high stand of sea level accompanying deposi
tion of the Shirley Formation.
Cronin and others

(1981) also dated corals from the

Sedgefield Member of the Tabb Formation using the uraniumseries dating technique.
±4,000 years B.P.

This yielded a date of 74,000

Oaks and Coch

(1973) dated coral

specimens from these deposits at 62,000 to 86,000 years
B.P.; Mixon and others

(1982) dated specimens from these

deposits at 62,000 ±2,000 years B.P.,

78,000 ±4,000 years

B.P. , and 79,000 ±5,000 years B.P.; and Belknap and
Wehmiller used amino-acid racemization dating techniques on
these materials with resultant dates between 70,000 to
90.000 years B.P.

If deposits of the Sedgefield Member of

the Tabb Formation are correlated with the 80,000 years
B.P. high stand of sea level indicated in the oxygenisotope curve, it is necessary to apply an error of +12 m
(40 feet) to the amplitude of the sea-level curve.
However, as Mixon and others

(1982) point out, the dates on

corals within Virginia may appear to be younger than those
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on contemporaneous materials in the Caribbean due to
regional differences in diagenetic changes.

If this indeed

accounts for the apparent age difference, then deposits of
the Sedgefield Member of the Tabb Formation could corre
spond to the 120,000 years B.P. high stand indicated in
oxygen-isotope sea-level curves based on Caribbean data.
Given that 1) improvements are still being made on
radiometric dating techniques of fossils and that 2)
determinations of oxygen-isotope ratios as well as of
estimates of glacial ice volumes and ocean volumes are not
yet highly resolved,

it may be possible in the future to

correlate the Shirley and Tabb deposits with particular sea
level high stands indicated in oxygen-isotope curves.
However, it is not prudent to make any correlations at
present without acknowledging that the correlations are
only speculative.

MIDDLE AND LATE PLEISTOCENE GEOLOGIC HISTORY

Each middle and late Pleistocene formation in the
study area contains local valleys near the base filled with
a sequence of fluvial deposits which grade progressively
upward into paludal and estuarine deposits.

These valley-

fill deposits are partially overlain by coarse, basal lagdeposits which in turn form a discontinuous sheet marking
the base of each middle and late Pleistocene formation;
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these basal lag-deposits grade upward into fine sand and
then into silt and clay

(Figure 27).

Stream valleys which were carved during the low stand
of sea level preceding Shirley time were filled with
fluvial, paludal, and estuarine deposits as Shirley sealevel rose.

Coarse, basal lag-deposits formed into a

discontinuous sheet marking the base of the Shirley Forma
tion as the shoreline retreated landward with continued
sea-level rise.

Finer-grained sediments accumulated above

the lag-deposits in marshes and embayed areas protected by
a Shirley barrier complex.

The Hazelton scarp marks the

highest stand of the Shirley sea.

The deposits which

filled in the embayed areas approximately to sea level
created a relatively flat surface, the Newport News
terrace, when sea level dropped.
Following the fall of Shirley sea-level,
entrenched the Shirley and older deposits.

streams

During a

subsequent sea-level rise, that of Sedgefield time, stream
valleys became filled with fluvial, paludal, and estuarine
deposits.

A discontinuous sheet of coarse, basal lag-

deposits formed as the shoreline retreated landward during
the Sedgefield marine transgression.

Marsh, tidal flat,

and bay deposits accumulated above the basal lag-deposits
in embayed areas protected by the Fentress rise/Oceana
ridge barrier complex.

With the continued rise of

Sedgefield sea level, the barrier complex migrated
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Figure 27.

Schematic diagram showing the relationships among
deposits in the study area.
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landward over Sedgefield bay deposits.

During latest

Sedgefield time, marsh and tidal flat deposits accumulated
above the submerged Fentress barrier system, protected by
the Oceana ridge barrier complex.

The Suffolk scarp marks

the highest stand of sea-level during Sedgefield time.
Sedgefield deposits accumulated approximately to sea level,
remaining as a relatively flat surface, the Rescue terrace,
during the subsequent marine regression.
During the low stand of sea level following Sedgefield
time, streams entrenched valleys in the Sedgefield and
older deposits.

With a subsequent, minor sea-level oscil

lation, that of Lynnhaven time, a discontinuous, basal
sheet of lag-deposits formed, overlain by finer-grained
deposits which accumulated in marsh, tidal flat, and
embayed areas.

The Fentress rise/Oceana ridge barrier

complex again served to protect embayments during Lynnhaven
time.

The Big Bethel scarp marks the high stand of the

Lynnhaven sea.

Sediments which accumulated during

Lynnhaven time remained to form a relatively flat surface,
the Chesapeake terrace, when sea level dropped.
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SUMMARY AND CONCLUSIONS

The conceptual model for the development of coastal
plain landforms and stratigraphy created by marine trans
gressions during the middle and late Pleistocene embraces
the following:
1) the processes of stream erosion and fluvial
deposition during a sea-level low stand
create the surface upon which younger
sediments are deposited,
2) the processes of mass wastage,

shoreline

erosion, deposition of coarse lag-deposits,
and winnowing of fine-grained sediments along
the fastland shorelines of both embayed and
open ocean coasts,
3) the existence of barriers to create protected
embayments along the coast,
4) the accumulation of a predictable sedimentary
sequence within estuaries and embayments
during marine transgression, and
5) upon marine regression, the creation of
a) terraces underlain by sediments which
were deposited in estuaries or protected
embayments and which may exhibit
121
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marginal,

linear, topographic highs

underlain by sediments of barriers or
bars and,
b) a fastland scarp marking the most
landward advance of the ocean during a
marine high stand and creating an unconformable surface where younger deposits
truncate older formations.
In accordance with this transgression model, the deposits
which accumulate during a marine transgression are bounded
by unconformities and thus constitute a lithostratigraphic
unit.

Also in accordance with this transgression model,

there are facies changes within each lithostratigraphic
unit which consist of:
1) channel-fill deposits of coarse,

fluvial

sediments at the base which grade upward
successively into swamp, marsh, and estuarine
materials and which contain a brackish-water
faunal assemblage in the estuarine sediments;
2) coarse, basal lag sediments which
a) were deposited along each shoreline
position as the sea advanced landward,
b) commonly contain a brackish water faunal
assemblage dominated by Crassostrea
virginica, indicating that embayed
conditions existed, and
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c) which grade upward successively into fine
sand, then silt and clay;
3) barrier or subaqueous bar deposits which
a) underlie linear topographic highs seaward
of deposits which accumulated under
embayed conditions,
b) which intertongue with the bay deposits
and,
c) which contain inlet channel deposits; and
4) nearshore or bay mouth deposits which contain
fauna tolerant of nearly-marine salinities.
The transgression model accurately predicted the
landforms, sedimentary sequences, and stratigraphic relation
ships found in the Shirley Formation and the Sedgefield and
Lynnhaven members of the Tabb Formation within the study
area.

Each of these lithostratigraphic units is bounded by

disconformities: 1) channels exist at the base of each
unit;

2) a discontinuous sheet of lag deposits occur at the

base of each unit, partially overlying channel-fill depo
sits and also truncating older formations;
truncates older deposits along a scarp.

and 3) each unit

Deposits of each

of these lithostratigraphic units contain the sediments and
facies outlined in the transgression model.

Faunal assem

blages within the Shirley Formation and the Sedgefield
Member of the Tabb Formation indicate that deposits accumu
lated in estuaries, in protected embayments, or at the
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mouths of protected embayments.

The occurrence of

Crassostrea virqinica within as well as upon coarse basal
lag deposits indicates that the fastland shoreline of an
embayment yielded the coarse sediments and that these
accumulated in a protected embayment rather than along an
open marine coast.
Plant and animal fossils and uranium-series dates on
corals within the Shirley Formation indicate that these
deposits accumulated during a middle Pleistocene marine
transgression.

Faunal species, uranium-series dates on

corals, and amino-acid racemization dates on mollusks
within the Sedgefield Member of the Tabb Formation indicate
that these deposits accumulated during a late Pleistocene
marine transgression.

No fossils have been recovered from

deposits of the Lynnhaven Member of the Tabb Formation;
however, because these deposits truncate materials of the
Sedgefield Member of the Tabb Formation and are incised by
streams filled with Holocene deposits, it is evident that
the Lynnhaven deposits also accumulated during a late
Pleistocene marine transgression.
Thus, three episodes of marine transgressionregression are recorded in the middle and late Pleistocene
stratigraphic succession and landforms within southeastern
Virginia and northeastern North Carolina.

Although it is

possible to speculate about correlations between the sealevel oscillations recorded by coastal-plain landforms and
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stratigraphic units and the sea-level oscillations indica
ted in oxygen-isotope curves, there are too many possibili
ties for error in dating techniques, oxygen-isotope ratio
derivations, and ocean volume and ice volume estimates to
make accurate correlations.

Although tectonic or isosta

tic movements may have affected surface elevations of
landforms within the coastal plain, thus obscuring possible
correlations of these features with oxygen-isotope curves,
there is no indication of tectonism or isostatic adjustment
within middle and late Pleistocene coastal-plain deposits
of the study area.

Also, deposits which may have accumula

ted during a marine transgression-regression cycle could
have been subsequently destroyed, thus erasing the record
of an event which could correspond to one of the sea level
high stands indicated in the oxygen-isotope curves.
Therefore, any correlations between coastal-plain lithostra
tigraphic units and sea level high stands indicated in
oxygen-isotope curves is speculative.
Application of the transgression model to the middle
and late Pleistocene deposits within southeastern Virginia
and northeastern North Carolina has allowed 1) recognition
of unconformities which separate lithostratigraphic units,
2) recognition of facies within each lithostratigraphic
unit and thus 3) regional delineation of each lithostrati
graphic unit.

Regional stratigraphic analysis and correla

tion of the coastal plain unics provides a more accurate
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and less confusing classification of middle and late
Pleistocene landforms and lithostratigraphic units.

The

two lithostratigraphic units formerly considered as the
Norfolk Formation

(Oaks, 1965; Coch, 1965, 1968,

and Coch 1973; Johnson,
Jasper,

1982; Darby,

1972,

1983)

1971; Oaks

1976; Mixon and others,

1982;

are recognized as the Shirley

Formation and the Sedgefield Member of the Tabb Formation.
The Great Bridge, Sandbridge, Londonbridge, and Kempsville
formations

(Oaks, 1965; Coch,

others, 1982; Darby,

1965, 1968, 1971; Mixon and

1983) are names formerly assigned to

the facies herein delineated within the Sedgefield and
Lynnhaven members of the Tabb Formation.
The classification, herein presented, of regional
landforms within southeastern Virginia and northeastern
North Carolina allows flexibility within an organized
system.

Terrace names are assigned on a regional basis,

with plains or flats designated as local sections of these
regional terraces.

This facilitates broad, regional

correlations and also provides a framework for organizing
local landform names.

This classification system allows

for expansion as well as greater definition of landforms.
Also,

scarps are recognized on a regional basis;

local

areas can be designated along scarps by using the adjacent
terrace names.
The transgression model

(Figure 8) has been success

fully employed to recognize landform and stratigraphic
relationships within southeastern Virginia and northeastern
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North Carolina.

It is reasonable to suggest its use in

other Pleistocene coastal plain areas to distinguish
estuarine, bay barrier, and nearshore marine facies within
lithostratigraphic units as well as to recognize landforms
associated with lithostratigraphic units deposited during a
marine transgression.

The transgression model has predic

tive value and is intended for general use in the recogni
tion of coastal plain landforms and stratigraphic
successions.
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DESCRIPTION

ELEVATION

FINE SAND, pebbly, silty to clayey, gray
(10YR5/1); quartzose; local lenses of
silty clay; [0.9 to 2.7 m ] .

FINE SAND, yellowish brown (10YR5/6);
quartzose; burrowed; humate zones; [1.5 m ] .

Qts
FINE TO COARSE SAND, pebbly, yellowish brown
(10YR5/6); quartzose; crossbedded,
dipping 10° SE; ghost fossils; [1.2 m ] .
FINE TO MEDIUM SAND, yellowish brown
(10YR5/6); quartzose, with scattered heavy
minerals; Mercenaria in horizontal beds;
serpulid worm bioherms over Mercenaria beds;
[3 m].

FINE TO COARSE SAND, pebbly to bouldery,
,
gray (10YR5/1); quartzose; Crassostrea
""N^locally; sharp basal contact; [0.6 m ] .
SILT, clayey, organic-rich, with peat,
plant detritus, and tree stumps; dark
gray (10YR5/1) to black (10YR2/1); upper
portion contains Crassostrea virginica and
Cyrtopleura; [0.6 to 2.4 m ] .

i
-10- - 3
-12-4
-14-

* Ter

T ""

1

VO

-5

1

• *»”*•"•*/’.*.*•

-18-

& \
-20- -

SILT, fine-sandy, gray (10YR5/1);
quartzose, micaceous; whole and broken
shells locally of Argopecten eboreus, Glycymeris subovata, Ostrea compressirostra,
Noetia limatula, Rangia, Corbicula, and
Mercenaria; [ >2. 4 m ] .

6

REFERENCE SECTION 1 - Composite from exposures in Gomez pit;
Kempsville quadrangle; Zone 18; 4,071,300 m.N., 393,180 m.E.
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DESCRIPTION

ELEVATION
ft m
50 t
15

FINE TO MEDIUM SAND, very silty, with scat
tered granules and pebbles; yellowish brown
(10YR5/6) mottled dark red (2.5YR3/6);
quartzose and feldspathic; [2.3 m ] .

48H
46 *-14
44
-13
42
*

40
-

12

Vt

. :• .•

.Qw /.

38H
36 --11
34-

- 10
3230-

o°'#-o,°;ov

FINE TO COARSE SAND, slightly clayey, with
some pebbles; yellowish brown (10YR5/6)
mottled dark red (2.5YR3/); quartzose and
feldspathic; [0.8 m ] .
FINE TO MEDIUM SAND, clayey; light
gray (10YR7/1) mottled brownish yellow
(10YR6/6); quartzose, micaceous, and
feldspathic; [0.9 m ] .
INTERBEDS of FINE TO COARSE SAND, CLAY,
PEBBLES, SILT, and FINE TO MEDIUM SAND,
ranging in thickness from 0.3 m to 0.6 m;
yellowish brown (10YR5/6); quartzose and
feldspathic; [1.8 m ] .

-9

28
26 >-8

CLAY and FINE SAND with some medium sand;
yellowish brown (10YR5/6); glauconitic and
quartzose; [ > 0 . 1 m ] .

REFERENCE SECTION 2 - Clay Bank quadrangle;
Zone 18; 4,133,460 m.N., 365,770 m.E.
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DESCRIPTION

ELEVATION

m

ft
751

FINE SAND, silty, clayey; grayish brown
(10YR5/2) to gray (10YR5/1); quartzose;

70-

JO.4 m].
7lNE TO COARSE SAND, with pebble lenses and
scattered clay platelets; light gray
(10YR7/l)to yellowish brown (10YR5/6);
^quartzose and feldspathic; [2.2 m ] .

6560-

Qw >

5550-

FINE SAND INTERBEDDED with CLAYEY SILT;
gray (10YR5/1); quartzose; burrowed;
[6.9 m ] .

454035-

10

3025-

20-5
15-

10 5-

0-- 0

■

>v

FINE TO MEDIUM SAND; yellowish brown
(10YR5/6); quartzose; fossil molds;
\[_0.4 to 1.2 m ] .
FINE TO MEDIUM SAND; yellowish brown
(10YR5/6); quartzose; decomposed shells near
the top grading downward to broken and whole
shells locally cemented with calcite; shells
include a Lemintina biostrome locally near
the top; downward there are abundant Ostrea,
Pseudochama, Glycymeris, Balanus,
Mercenaria, Dosinia, Ensis, and Panope, many
in original living position; [7.6 m ] .
Covered; [1.8 m].
SILT, clayey; gray (10YR5/1); extensively
burrowed and interspersed with biofragmental
sand; [3.7 m ] .

-5-

10 -

REFERENCE SECTION 3 - Composite of exposures in Zook's pit;
Yorktown quadrangle; Zone 18; 4,121,730 m.N., 364,260 m.E.,
(after Johnson, 1972).
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DESCRIPTION

ELEVATION
ft
70-

SILT, fine to medium sandy; gray (10YR5/1);
quartzose and feldspathic; [4.3 m].

6560-

FINE TO MEDIUM SAND, clayey, silty, with
clayey and fine-sandy silt pockets;
yellowish brown (10YR5/6); quartzose and
feldspathic; [2.4 m ] .
INTERBEDDED FINE TO COARSE SAND, PEBBLES,
and FINE SAND; yellowish brown (10YR5/6);
quartzose, feldspathic, and micaceous;
fine sand beds have heavy mineral laminae;
crossbedded; beds range in thickness from
.3 to 0.9 m; [ 3.3m].
INTERBEDDED FINE TO MEDIUM SAND and SILTY
CLAY; yellowish brown (10YR5/6); quartzose
and feldspathic; beds range in thickness
rom 2 to 15 cm; [0.9 m].

5550454035302520V ‘VJpsi;

15-

10-

•’ • •.*

i
.
*

v

SILT, clayey, fine-sandy; strong brown
(7.5YR4/6); glauconitic, quartzose,
and phosphatic; whole and broken shells of
Mulinia, Yoldia, Nuculana, Spisula, and
Turritella in upper portion; echinoid spines
in lower portion; [ > 1 0 . 4 m ] .

REFERENCE SECTION 4 - Bacons Castle quadrangle;
Zone 18; 4,099,800 m . N . , 354,270 m.E.
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DESCRIPTION

ELEVATION
ft m
7570• 9z0u
65605550- - 15
4540-

*• r*\1-..‘.li

35-10
30-

FINE SAND, silty; grayish brown (I0YR5/2);
quartzose and feldspathic; [1.5 m ] .
*•* * •*•*
INE SAND, silty; reddish brown (2.5YR4/4)
• '
• *»* * .’*• y * } .
mottled gray (10YR6/1); quartzose and
eldspathic; [0.6 m],
FINE SAND, very stiff, silty, and clayey with
silty clay pockets; gray (5YR4/4) mottled
reddish brown (2.5YR4/4); quartzose and
feldspathic; [3.7 m ] .
«•***; Q w •*'•»*
INTERBEDDED COARSE SAND and FINE SAND with
i •**.♦*»• •• •
laminae of silty, fine sand; gray (5YR5/1);
quartzose and feldspathic; [1.2 m ] .
CLAY with some silt and clayey silt
laminae; trace of decayed vegetation and
N^fine sand pockets; gray (5YR5/1); [3.4 m ] .

Ty
• •^

2520-

^ •

FINE SAND with some silt and lenses
and pockets of clayey silt; grayish brown
(2.5Y5/2); quartzose and glauconitic; shell
fragments of Crepidula, D o n a x , Ostrea,
Pecten, barnacles, and echinoid spines;
[ >6 m ] .

REFERENCE SECTION 5 - Benns Church quadrangle;
Zone 18; 4,083,470m.N., 358,070 m.E.
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DESCRIPTION

ELEVATION
ft m
65-

SAND, clayey, silty; yellowish brown
(10YR5/6); quartzose, feldspathic; [0.6 m ] .
SILT, fine-sandy, clayey; yellowish brown
(5YR5/8) mottled reddish yellow (7.5YR7/8)

60S

s

55-

S
V . •
•V V.^*

. *•:
50- - 15
454035-

—
- 10

il*j_*'i *:
*. •T.“ •*.•••*

302520-5
1510* *<• **
5-

\

JU .2 m] .
FINE SAND, silty, with some clay, scattered
pebbles, and heavy minerals; light gray
\ (10YR7/1) mottled yellowish red (5YR5/8);
>tfjuartzose and feldspathic; [2.7 m ] .
DJTERBEDDED CLAYEY SILT and FINE SAND; gray
(10YR6/1) mottled yellowish red (5YR5/8);
sand is quartzose; beds are 4 to 40 cm
thick,nearly horizontal, and there are heavy
mineral laminae present in the fine sand
£eds; [5.8 m ] .
FINE TO MEDIUM SAND, with heavy mineral
laminae and disseminated heavy minerals;
yellowish brown (10YR5/6); plant detritus
present between +6 and +7 m; some coarse
sand present near the base; sharp basal
£ontact; [4.6 m ] .
FINE SAND with shell hash; greenish gray
(5GY5/1); glauconitic and quartzose;

[>0.6 m].

REFERENCE SECTION 6 - Suffolk quadrangle;
Zone 18; 4,059,530 m.N., 360,600 m.E.
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DESCRIPTION

ELEVATION
ft

m
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30
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FINE SAND, very silty; light gray (10YR7/1)
mottled brownish yellow (10YR6/6) and dark
red (2.5YR3/6); quartzose and feldspathic;
[3 m].
VERY FINE TO FINE SAND with silty clay
pockets and disseminated heavy minerals;
light gray (10YR7/1) mottled brownish
kyellow (10YR6/6) to dark red (2.4YR3/6);
juartzose; [1.2 m].
FlNE TO COARSE SAND, slightly silty, with
.scattered pebbles;"brownish yellow
\£10YR6/6);quartzose, feldspathic; [1.5 m ] .
INTERBEDDED SILTY CLAY and FINE SAND; dark
grayish brown (2.5Y4/2); micaceous; abundant
plant detritus; beds range from 0.3 to 1.2 m
Ln thickness;
[2.4 m ] .
FINE SAND; pale yellow (2.5Y7/4); micaceous;
disseminated heavy minerals and distinct
heavy mineral laminae 1 to 2 m m apart, some
with small ripple form; [4.6 m].
FINE TO COARSE SAND with pebbles and clay
pockets; strong brown (7.5YR4/6) to olive
yellow (2.5Y6/6); micaceous and quartzose;
ysharp basal contact; [ 1.2 m ] .
CLAY, silty, with abundant shell hash; gray
(2.5YN5/0) ; [ > 0 . 3 m ] .

REFERENCE SECTION 7 - Corapeake quadrangle;
Zone 18; 5,051,690 m.N., 359,600 rn.E.

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

DESCRIPTION

elevation

m
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60 -j

SILT, fine sandy; light brownish gray
(2.5Y6/2) mottled reddish brown (5YR5/4);
quartzose; [2.1 m ] .
_ / P l N E TO MEDIUM SAND, silty, with heavy
__ minerals; light gray (10YR7/2); quartzose
^ > ^ a n d feldspathic; [0.6 m ] .
FINE SAND with heavy minerals; light
gray (10YR7/2); quartzose; [2.7 m ] .
” CLAY, silty, with decayed vegetation; gray
__ (10YR7/2); [1.2 m ] .
INTERBEDDED FINE SAND and CLAY; light gray
(10YR7/2); quartzose; beds range from 7 cm
to 1.2 m in thickness; [2.4 m].
“ FINE TO MEDIUM SAND; light gray (10YR7/2);
quartzose and feldspathic; [3.4 m ] .

55'•‘.Vo*-;'
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MEDIUM TO COARSE SAND; light gray (10YR7/2);
quartzose; sharp basal contact; [ 1.8 m ] .
FINE SAND with clay and shell hash; gray
(10YR5/1); [ > 1 . 2 m].

REFERENCE SECTION 8 - Corapeake quadrangle;
Zone 18; 4,050,840 m . N . , 356,730 m.E.
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DESCRIPTION

ELEVATION
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SILT, clayey, fine-sandy, with plant
detritus; light gray (10YR7/1) mottled
yellow; [1.2 m ] .
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*;• ***.v:

FINE SAND, clayey; light gray (10YR7/1)
" " \ m o t t l e d brownish yellow (10YR6/8); [0.6 m ] .
SILT, clayey, fine-sandy,
"V INTERBEDDED with SILTY CLAY; light gray
\ (10YR7/1) mottled brownish yellow (10YR6/8)
•.•!.;•: •;.••• \ quartzose; beds range up to 3 cm thick;
\[ 0.6 m ] .
£lNE SAND, silty, with heavy minerals and
plant detritus; quartzose; gray
.V Q w v
^ \ a O Y R 6/l); [1.8 m ] .
FINE TO COARSE SAND; gray (10YR6/1);
V .! V.v*-.
« « •*’ »'
quartzose; nearly horizontal, heavy mineral
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#“ •.* *
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• •*’
•
laminae near the base; laminae are 3 m m
.• *
• * **.
apart; clay pockets at the base; [3 m ] .
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FINE TO MEDIUM SAND with plant detritus;
yellowish brown (10YR5/6); quartzose;
[1.2 m].
SILT, fine-sandy; dark grayish brown
(2.5Y4/2); nearly horizontal, fine sand
laminae, 1 cm apart, white (10YR8/1);
[0.9 m].
FINE TO MEDIUM SAND with shell
fragments and a fossil tooth; dark gray
(10YR4/1); glauconitic, quartzose, and
phosphatic; [5*1.2 m ] .

20 -

REFERENCE SECTION 9 - Corapeake quadrangle;
Zone 18; 4,046,370 m . N . , 358,970 m.E.
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DESCRIPTION

ELEVATION

FINE TO COARSE SAND, silty; light brownish
yellow (I0YR6/4); quartzose and feldspathic

[0.8 m].
N E TO VERY COARSE SAND, granular; light
brownish yellow (10YR6/4); quartzose and
feldspathic; ferricrete at base; [0.8 m ] .
VERY COARSE SAND, pebbly; light gray
(10YR7/1); quartzose and feldspathic;
crossbedded; beds dip 10° SE and are 2 to 3
cm thick; sharp basal contact; [3.4 m ] .

4 6 + 14

FINE SAND with some medium sand;
light gray (10YR7/1); quartzose and
glauconitic, with heavy minerals; burrowed;
burrows are predominantly horizontal and
some are clay-filled; ["> 1.8 m ] .

REFERENCE SECTION 10 - Wilton quadrangle;
Zone 18; 4,160,220 m.N., 371,370 m.E.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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ELEVATION
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FINE TO VERY COARSE SAND; very pale
brown (10YR7/3) mottled red (2.5YR4/6);
quartzose and feldspathic; [1.8 m ] .

FINE TO VERY COARSE SAND; brownish yellow
(I0YR6/6); quartzose and feldspathic;
[1.5 m ] .
SILT AND FINE SAND; light brownish
gray; quartzose; [ > 0 . 9 m ] .

REFERENCE SECTION 11 - Ware Neck quadrangle;
Zone 18; 4,147,410 m.N., 371,000 m.E.
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ELEVATION

DESCRIPTION

ft m
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CLAY, fine-sandy; yellowish brown
(10YR5/6); [ 2 .4m].
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FINE TO MEDIUM SAND, silty; yellowish brown
(10YR5/6) mottled reddish brown (2.5YR4/4);
quartzose and feldspathic; [4.9 m ] .
FINE TO MEDIUM SAND, gray (10YR5/1);
quartzose and feldspathic; sharp basal
contact; [ 1.8 m ] .
CLAY, silty; gray (10YR5/1);

[1.5 m ] .

CLAY, silty, with shell hash;
greenish gray (5G5/1); [ > 5 . 2 m].
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REFERENCE SECTION 12 - Yorktown quadrangle;
Zone 18; 4,112,575 m . N . , 370,630 m.E.
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DESCRIPTION

ELEVATION

SILT, clayey, with scattered granules and
pebbles; yellowish brown (10YR5/6);
Vguartzose and feldspathic; [0.3 m ] .
iLT, clayey, fine-sandy; yellowish brown
^(lOYRS/6); quartzose; [0.5 m.]

-10

SILT, clayey, fine-sandy, with
isolated pebbles; light gray (10YR7/1)
mottled yellowish brown (10YR5/6);
manganese-oxide concentrations are present;
indistinct bedding present in the upper
portion; [2.9 m ] .

-9

-8

W M ;

SILT, clayey, fine-sandy, INTERBEDDED with
FINE TO COARSE SAND; reddish brown (10YR4/4)
mottled gray (5YR5/1); micaceous and
quartzose; crossbedded; beds dip up to
SE and are 7 to 20 cm thick; [1.7 m ] .

-5

-4

FINE TO COARSE SAND, pebbly to
cobbly, locally interbedded with fine to
coarse sand; reddish brown (10YR4/4) to
reddish yellow (7.5YR6/6); clasts are
composed of quartz, greenstone, quartzite,
chert, granite, gneiss, schist, and
sandstone; crossbedded; beds are lenticular,
ranging in thickness from 2 to 20 cm, and
exhibit multidirectional dip; [ > 2 . 7 m ] .

REFERENCE SECTION 13 - Composite from exposures in the Shirley
Plantation pit; Zone 18; 4,133,870 m . N . , 302,830m.E.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DESCRIPTION

ELEVATION

FINE SAND, silty, with scattered
pebbles and heavy minerals; brownish yellow
(10YR6/8); quartzose, micaceous, and
feldspathic; [4.1 m ] .

FINE SAND cemented with iron-oxide;
strong brown (7.5YR4/6); [0.3 m ] .
CLAY, silty; light gray (10YR7/1);
glauconitic and quartzose; grades downward
to fossiliferous, clayey, fine sand;

[^>1.2 m].

REFERENCE SECTION 14 - Clay Bank quadrangle;
Zone 18; 4,128,000 m.N., 363,960 m.E.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

ELEVATION
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30 > 9
2826- -8

FINE SAND, silty; yellowish brown
(10YR5/6); quartzose and slightly micaceous;
heavy minerals present; [ 6.4m].
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FINE TO COARSE SAND; yellowish brown
(10YR5/6); quartzose and feldspathic;
[1.5 m].

FINE TO COARSE SAND, pebbly; yellowish brown
(10YR5/6); quartzose and feldspathic;
crossbedded; beds range in thickness up to
30 cm and dip 24° SE; [0.9 m],
CLAY, fine-sandy; yellowish brown (10YR5/6);
quartzose and glauconitic; [ > 0 . 9 m ] .

REFERENCE SECTION 15 - Clay Bank quadrangle;
Zone 18; 4,131,250 m.N., 361,220 m.E.
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DESCRIPTION

ELEVATION
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FINE TO MEDIUM SAND, silty; yellowish brown
(10YR5/6); quartzose; [1.5m].

6

18-

•r•• Qts
. • .

FINE TO COARSE SAND, pebbly; gray
(10YR6/1); quartzose; [1.5 m].

144
1210--3

FINE SAND, silty, with plant detritus;
gray (10YR5/1); quartzose; [3 m].

2

1

0-- 0

FINE SAND with isolated pebbles; brownish
yellow (10YR6/6) to light gray (10YR7/1);
quartzose; [1.5 m].

-2-4-

6-1

'-1

FINE SAND, silty, with shell hash;
greenish gray (5G5/1); quartzose and
glauconitic; [>0.9 raj.

REFERENCE SECTION 16 - Newport News quadrangle;
Zone 18; 4,102,670 m.N., 373,120 m.E.
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DESCRIPTION

ELEVATION
ft m
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FINE SAND, silty; gray (10YR6/1) mottled
strong brown (7.5YR5/8); quartzose; [1.2 m].

3836- - 11
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• ••

FINE SAND, silty, with indistinct
laminae of fine-sandy, silty clay; gray
(10YR6/1) mottled strong brown (7.5YR5/8);
quartzose; [1.8 m].

34- 10
3230-

CLAY, fine-sandy; light brownish
gray (10YR6/2); micaceous; [0.6 m].
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FINE SAND with heavy minerals; light
gray (10YR7/1); quartzose; [4.9 m].
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FINE TO MEDIUM SAND with heavy minerals;
light gray (10YR7/1); quartzose; [1.2 m].
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FINE TO VERY COARSE SAND, pebbly, with heavy
\ minerals; light gray (10YR7/2); quartzose;
\[0.6 m] .

-1

20--

•• * > V X

VERY FINE SAND, silty, clayey; dark gray
(5Y4/1) mottled dark yellow brown (10YR4/6);
grades downward with shell hash; [ >1.8 m] .

0

REFERENCE SECTION 17 - Corapeake quadrangle;
Zone 18; 4,051,560 m.N., 361,080 m.E.
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DESCRIPTION

ELEVATION
ft m
50- -15
.••

45-

•*!' *.*»*

1

o

FINE TO VERY FINE SAND with heavy minerals;
light yellowish brown (10YR6/4); quartzose;
[7.6 m].
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FINE TO MEDIUM SAND with heavy minerals;
light yellowish brown (10YR6/4); quartzose;
[5.2 m].

.

, * #• ».* • #
• • • • ’•. •*,

" FINE TO COARSE SAND with heavy minerals;
yellowish brown (10YR5/6); cobbles
at base; sharp basal contact; [2.1 m ] .
CLAY, silty; greenish gray (5G5/1);
[ >0.3 m ] .

REFERENCE SECTION 18 - Edenton NE quadrangle;
Zone 18; 4,008,860 m.N., 355,430 m.E.
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DESCRIPTION

ELEVATION
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FINE TO MEDIUM SAND; yellowish brown
(10YR5/6) mottled gray (10YR6/I); quartzose;
contains lenses of silty clay as muc h as 4.1
cm thick and horizontal beds of pebbly, fine
to medium sand as much as 3G cm thick;
planar crossbeds accentuated by heavy
mineral laminae are present near the base;
beds dip as much as 30 SE; [3.1 m ] .
MEDIUM TO COARSE SAND, clayey, pebbly;
gray (10YR5/1) mottled yellowish brown
(10YR5/6); quartzose broken shells of
Crassostrea virginica, Mercenaria
mercenaria, Noetia, bryozoans, crabs, and
arnacles; sharp basal contact^). 4 mj.
FINE TO MEDIUM SAND with heavy
minerals and isolated pebbles; light gray
(10YR7/1) to brownish yellow (10YR5/6);
quartzose; contains lenses of peat and
organic-rich clay as much as 2.5 m thick;
fossils include tree trunks, roots, leaves,
nuts, seeds, and burrows of decapods and
bivalves; [ 2 . 7 m ] .
CLAY, silty, with plant detritus in the
upper portion, grading down to FINE TO
MEDIUM SAND in the lower portion; gray
(10YR5/1) to grayish brown (10YR5/2);
[1 to 12.8 m ] .

SILT, fine-sandy with clay pockets,
grading downward to FINE SAND with
shell fragments; gray (10YR5/1); [ > 2 . 4 m] .

REFERENCE SECTION 19 - Composite of exposures in the Williams
Corporation of Virginia sand pit; Newport News quadrangle;
Zone 18; 4,104,260 m.N., 372,810 m.E.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

ELEVATION

36--II

DESCRIPTION

FINE TO COARSE SAND, silty; light gray
(10YR7/1) to yellowish brown (I0YR5/6);
[4.3 m ] .

FINE SAND; yellowish brown (10YR5/6)
to light gray (10YR7/1); [3 m ] .

FINE TO COARSE SAND, pebbly; yellowish
brown (10YR5/6); quartzose; crossbedded;
beds dip 20° SE and range in thickness up
to 2 cm; individual beds fine upward;
[2.7 m].

PEAT, fine- to coarse-sandy; dark
brown (10YR3/3) to black (10YR2/1);
burrowed; burrows are 4 cm wide and 4.3 cm
long, filled with pebbly, fine to coarse
^and; [0 .6 m].
CLAY, silty, organic-rich, with wood
fragments and plant detritus; dark gray
(10YR4/1) to black (I0YR2/1); [0 to 1.5 m ] .
FINE SAND with shell fragments;
greenish gray (565/1); glauconitic and
quartzose; [ > 1 . 5 m].

REFERENCE SECTION 20 - Wilton quadrangle;
Zone 18; 4,159,540 m.N., 376,790 m.E.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DESCRIPTION

ELEVATION
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SILT, clayey; gray (10YR5/1);

40

[4.3 m ].
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CLAY, fine-sandy, silty; gray (10YR5/1);
[4.3 m ] .

20-5

CLAY with wood fragments and plant detritus;
dark gray (10YR4/1); [1.2 m ] .
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10-
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■• •••• t•»•*
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SILT, fine-sandy, clayey; gray
^(10YR5/1); [1.2 m.]
COARSE SAND; gray (10YR5/1); quartzose;
grades downward to very coarse sand;
[3.4 mj.
CLAY,organic-rich, grading downward to FINE
SAND; dark gray (10YR4/1) to gray (10YR6/1);
^quartzose; [1.2 to 5.5 m ] .

-10-15--5

-20-25-30-

CLAY, fine-sandy, silty, with
shell fragments; greenish gray (5G5/1).
[>1.5 m].

REFERENCE SECTION 21 - Sunbury quadrangle;
Zone 18; 4,037,490 m.N., 360,735 m.E.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DESCRIPTION

ELEVATION
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SILT, fine-sandy, clayey; brownish
yellow (10YR6/6); [5.2 mj.
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2220- -6

[:-;-Q S-v,o.
FINE TO MEDIUM SAND; white (10YR8/2);
quartzose; crossbedded; beds range in
thickness up to 2 cm, dip 10 E,
and are accentuated by heavy mineral
laminae; [3.6 m].

18
161412108-

FINE TO COARSE SAND, pebbly to
cobbly; light gray (10YR7/1); clasts are
composed of quartz, flint, and chert; sharp
basal contact; [0.6 m].
FINE SAND; light gray (10YR7/1);
quartzose and glauconitic; [>0.9 m].

REFERENCE SECTION 22 - Deltaville quadrangle;
Zone 18; 4,159,060 m.N., 380,840 m.E.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DESCRIPTION

ELEVATION

ft
34
3230
2826
24
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FINE TO MEDIUM SAND, pebbly, clayey,
silty; light yellowish brown (10YR6/4);
quartzose; [0.9 m ] .
INTERBEDDED SILTY CLAY and FINE
SAND; brownish yellow (10YR6/8) to gray
(10YR6/1); micaceous and quartzose; beds
range in thickness from 30 to 80 cm and
locally contain clay flasers, fine sand
laminae, and clay-draped ripples; burrowed.

[2.8 m].

22
20
18

FINE SAND, silty; light gray (10YR7/1)
mottled yellowish brown (10YR5/6);
quartzose; shell molds present; [3.2 m ] .

16
14

12

10
8
6
4

PEBBLES cemented with iron-oxide;
dark brown (10YR3/4); quartzose; contains
burrows and shell molds; [0.3 mj.
FINE TO MEDIUM SAND; yellowish brown
(10YR5/6); quartzose and glauconitic;
abundant, unbroken, disarticulated shells;

[ >1. 2 m].

REFERENCE SECTION 23 - Deltaville quadrangle;
Zone 18; 4,155,300 m.N., 378,490 m.E.
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DESCRIPTION

ELEVATION
ft m
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FINE SAND, clayey, silty, with scattered
pebbles; gray (10YR6/1) to yellowish brown
(10YR5/6); quartzose and feldspathic;
[1.9 m ] .
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FINE TO MEDIUM SAND with scattered
pebbles; yellowish brown (10YR5/6) to light
gray (10YR7/1); quartzose and feldspathic.
[1.6 m ] .

INTERBEDDED SILT and FINE TO MEDIUM
SAND; gray (10YR5/1); quartzose; [2.2m].
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• # # *f.
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FINE TO COARSE SAND, bouldery and
with pebble lenses; gray (10YR5/1);
quartzose; [ > 0.8 m ] .
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2

- -•

0-LO

REFERENCE SECTION 24 - Yorktown quadrangle;
Zone 18; 4,110,810 m.N., 363,440 m .E.;
(after Johnson, 1972).
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DESCRIPTION

ELEVATION
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SILT, fine-sandy, clayey; brownish
yellow (10YR6/6); [1.5 m].

34
10
32
30i

FINE SAND, silty; brownish yellow
(10YR6/6); [1.2 mj.

28
2624-

SILT, fine-sandy, clayey, with shell
fragments of Crassostrea virginica; gray
(10YR5/1); [3.4m].
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W s%
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MEDIUM TO COARSE SAND with some
pebbles at the base; yellowish brown
(10YR5/6); quartzose; sharp basal contact;
[2.7 m].
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4-

SILT, fine-sandy, clayey, with
shell fragments; greenish gray (5G5/1);
[ >2.4 m].
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REFERENCE SECTION 25 - Mulberry Island quadrangle;
Zone 18; 4,106,920 m.N., 366,540 m.E.
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DESCRIPTION

ELEVATION
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SILT, fine-sandy; dark gray (10YR4/1);
[1.5 m].
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FINE SAND; gray (10YR5/1); quartzose;
[5.8 m].
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FINE TO COARSE SAND with pebbles;
gray (10YR5/1); quartzose; sharp basal
contact; [1.2 m ] .
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FINE SAND, silty, with shell
fragments; greenish gray (5G5/1);
glauconitic and quartzose; [ > 2 . 4 m].
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REFERENCE SECTION 26 - Newport News North quadrangle;
Zone 18; 4,105,200 m . N . , 370,480 m.E.
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ELEVATION
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FINE TO COARSE SAND, pebbly; brownish yellow
(10YR6/6); quartzose and feldspathic;
crossbedded; beds range in thickness from
10 to 30 cm and dip 20° N; [2.7 m ] .
FINE SAND; white (10YR8/1) mottled
reddish yellow (10YR7/6); quartzose;
burrowed; burrows filled with clay; [1.8 m ] .
FINE TO COARSE SAND with pebbles and
heavy minerals; reddish yellow (10YR7/6);
quartzose and feldspathic; [1.2 m ] .
CIAY; dark gray (10YR4/1); [1.2 m ] .
FINE SAND, silty; bluish gray (5B5/1);
quartzose; shell fragments include
Nassarius trivittatus, Epitonium
humphreysii, Retusa canaliculate, Epitonium
rupicolum, Mulinia lateralis, Nuculana
acuta, Anadara transversa, Noetia ponderosa,
and A r e a ; sharp basal contact; [1.2 m ] .
FINE SAND, clayey, with crossbedded
shell hash; dark bluish gray (5B4/1);
quartzose and glauconitic; [ > 1 . 5 m ] .

-15-

REFERENCE SECTION 27 - Benns Church quadrangle;
Zone 18; 4,089,060 m.N., 358,760 m.E.;
(in part after Coch, 1968).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DESCRIPTION

ELEVATION

FINE TO COARSE SAND; yellowish
brown (10YR5/6); quartzose and feldspathic;
crossbedded; beds dip 10° W; sharp basal
contact; [12.2 m].
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242220 18-

161412 -

SHELL HASH, silty, crossbedded;
strong brown (7.5Y4/6); [>-1.2 m]
irZiZ
2J

REFERENCE SECTION 28 - Benns Church quadrangle;
Zone 18; 4,092,260 m.N., 356,590 m.E.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

ELEVATION

ft

DESCRIPTION

m
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32301 9

FINE SAND with heavy mineral laminae;
brownish yellow (10YR6/6); quartzose;
[4.3 m].

28-

247

20 - 6

PEAT AND SILT; dark gray (10YR4/1); [0.9 m],

1816-

-5

144

FINE TO MEDIUM SAND; brownish yellow
(10YR6/6); quartzose; [>0.6 m].

REFERENCE SECTION 29 - Beckford SE quadrangle;
Zone 18; 4*019,140 m.N., 361,080 m.E.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DESCRIPTION

ELEVATION
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Qs .
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VERY FINE TO FINE SAND; yellowish
brown (10YR5/6); quartzose; [1.5 m].
FINE SAND with decayed vegetation;
dark brown (10YR4/3); quartzose; [1.5 m].
FINE SAND with some medium sand;
gray (10YR5/1); quartzose; [2.4 m].

CLAY, silty; gray (10YR5/1); [2.4 m],

FINE SAND; light gray (10YR7/1); quartzose;
J1.2 mj.
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CLAY, silty, with pockets of fine
sand and silty, very fine sand; light gray
(10YR7/1) mottled yellowish brown (10YR5/6);
^[3.4 m].
VERY FINE TO FINE SAND, grading downward
to shell hash; greenish gray (5G5/1);
quartzose and glauconitic; [>2.1 m].

REFERENCE SECTION 30 - Benns Church quadrangle;
Zone 18; 4,089,100 m.N., 357,660 m.E.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DESCRIPTION

ELEVATION
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SILT, fine-sandy; light gray (10YR7/1);

J O . 3 m].
FINE SAND, silty; light gray (10YR7/1);
quartzose; [0.6 m ] .
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FINE TO MEDIUM SAND with some coarse sand;
pale yellow (10YR8/4); quartzose; [ > 1 . 8 m],
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REFERENCE SECTION 31 - Achilles quadrangle;
Zone 18; 4,124,070 m.N.; 367,840 m.E.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DESCRIPTION

ELEVATION

30 -i

FINE SAND; yellowish brown (10YR5/6)
quartzose; [1.5 m ] .

28-

24-

FINE TO MEDIUM SAND; yellowish brown
(10YR5/6); quartzose; [1.5 m ] .

22-

20VERY FINE SAND; brownish yellow (10YR6/6);
quartzose; [7.6 m ] .

1816-

Qts

1412 -

10 -

0--0
-2-4-

-6-8-

--2

VERY FINE SAND, silty, with shell fragments
greenish gray (5G5/1); quartzose and
glauconitic; [ > 1.8 m].

REFERENCE SECTION 32 - Poquoson West quadrangle;
Zone 18; 4,119,820 m . N . , 368,660 m.E.

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.
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_ / v E R Y FINE SAND; gray (I0YR6/I) mottled
brownish yellow (10YR6/6); quartzose;
[1.5 m].
CLAY; dark gray (10YR4/1); [3 m ] .
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INTERBEDDED CLAY and VERY FINE SAND,
silty; yellowish brown (10YR5/6); beds range
in thickness up to 30 cm; [3 m].
FINE TO MEDIUM SAND with some coarse sand;
grayish brown (10YR5/2); quartzose; [1.5 m ] .
MEDIUM TO COARSE SAND with some
coarse sand, pebbly; gray (10YR5/1);
quartzose; [4.6 m ] .

,

-20-25-30-

•• o- -c
no • * 0*0
VERY FINE SAND, silty; greenish
gray v5G5/l); quartzose and glauconitic;
[ > 1 . 5 m].

REFERENCE SECTION 33 - Newport News quadrangle;
Zone 18; 4,100,640 m.N., 372,740 m.E.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DESCRIPTION

ELEVATION
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FINE SAND, silty; yellowish brown
(10YR5/6); quartzose; [6 m].
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5-

0 --0

.: •.

-5-

CLAY, silty; gray (10YR6/1);

- 10-15-

[1.2 m ] .

FINE SAND, silty; gray (10YR6/1);
. quartzose; [1.8 m ] .
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CLAY with fine sand; yellowish brown
J[10YR5/6); quartzose; [0 . 9 m ] .

~: - T y 5 ?

CLAY, organic-rich; dark gray
\ ^ 1 0 Y R 4 / 1 ) ; micaceous; [2.1 m ] .
FINE TO COARSE SAND; gray (10YR6/1);
~>Svquartzose; [1.2 m ] .
CLAY, silty, with shell fragments;
greenish gray (5GY5/1); quartzose and
glauconitic; [ > 4 m ] .

-40-

REFERENCE SECTION 34 - Bowers Hill quadrangle;
Zone 18; 4,080,660 m.N., 373,470 m.E.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DESCRIPTION

ELEVATION
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16-.

CLAY, silty, with some fine sand and
scattered pebbles; gray (10YR5/1); [0.6 m ] .

14-

FINE SAND, silty, with pebbles at
the base; brownish yellow (10YR6/6);
irregular basal contact; [1.2 m ] .

12-

10- .

FINE SAND; light gray (10YR7/1);
quartzose; burrowed; [1.5 m ] .

86-"

( m ,

:: Qts
FINE SAND with numerous shell fragments;
light gray (10YR7/1) mottled yellowish
.brown (10YR5/6); quartzose; [0.3 m ] .
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FINE SAND, with some plant detritus and
with pebbles and shell fragments of
Crassostrea virginica near the base; light
gray (10YR7/1); burrowed; burrows are
clay-lined; sharp basal contact; [3 m ] .
flNE to MEDIUM sand with clay-filled burrows
and shell fragments of Crassostrea virginica;
gray (10YR5/1); quartzose; cobbles line the
base of the channel; sharp basal contact;
[0.3 to 1. 2m ].
SILT, fine-sandy; gray (10YR6/1); burrowed;
[=>0.3 m].

REFERENCE SECTION 35 - Fentress quadrangle;
Zone 18; 4,066,380 m . N . , 392,150 m.E.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DESCRIPTION

ELEVATION
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Qtl

SILT with some fine sand; gray (10YR5/1);
sharp, irregular basal contact; [1.5 m ] .

14-
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6

FINE SAND with abundant shells; light
gray (10YR7/1); shells include Mulinia,
Ensis, Spisula, Busycon, Mercenaria
mercenaria, Polynices, Anadara, Crepidula
fornicata, Olivella mutica, Nassarius v i b e x ,
cheilostomatous bryozoans, and abundant
echinoderm fragments; [ 3 m ] ,

4
2-
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2
■4'

6*.

SHELLS of Crassostrea virginica with
some fine sand; dark gray (7.5N4/); shell
crossbeds dip 10° W; [0.6 m ] .
PEAT, with organic-rich clay, and wood
fragments; gray (10YR5/1); cobbly to pebbly,
fine to coarse sand at the base; quartzose;
[0.3 to 0.9 m ] .

CLAY, silty; gray (10YR5/1); extensively
burrowed; [ > 1 . 5 m ] .

REFERENCE SECTION 36 - Kempsville quadrangle;
composite of exposures from City Line pit;
Zone 18; 4,269,630 m.N., 392,840 m.E.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DESCRIPTION

ELEVATION
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SILT AND CLAY, organic-rich; very dark,
grayish brown (10YR3/2); [1.5 m ] .
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VERY FINE TO FINE SAND with heavy minerals;
light gray (10YR6/1); quartzose; [2.4 m ] .

/ ;**v *.\

12-

VERY FINE TO FINE SAND, silty, with
wood fragments; grayish brown (1QYR5/2);
^quartzose; [0.3 m].

•a. ft*.

e

FINE TO VERY COARSE SAND, pebbly,
with fine-sand pockets 3 cm in diameter;
gray (10YR6/1); quartzose; sharp basal
contact; [1.5 m ] .
CLAY, fine-sandy, silty, with
shell fragments; greenish gray (5GY5/1);
glauconitic and quartzose; [ > 0 . 9 m ] .

0

REFERENCE SECTION 37 - Suffolk quadrangle;
Zone 18; 4,055,720 m . N . , 363,290 m.E.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SILT, organic-rich; black (I0YR2/1);
micaceous; [3 m].

VERY FINE TO FINE SAND, silty, with
wood fragments; yellowish brown (10YR5/6);
,micaceous; [0.9 m ] .
CLAY, silty and fine-sandy, with
shell fragments of Crassostrea virginica;
gray (10YR6/1); micaceous; [1.8 m ] .

*r» • * • • o
•^Ty ■ . £

MEDIUM TO COARSE SAND with shell fragments;
greenish gray (5GY5/1); quartzose and
glauconitic; [ 0.6 m ] .

REFERENCE SECTION 38 - Lake Drummond quadrangle;
Zone 18; 4,048,520 m . N . , 372,330 m.E.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DESCRIPTION
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SILT with scattered granules and pebbles;
very pale brown (I0YR7/3); quartzose;
[0.9 m].
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FINE TO COARSE SAND, very silty, with
granules and pebbles; brownish yellow
.(10YR6/6); quartzose and micaceous; [0.8 m ] ,
GRANULES AND PEBBLES, fine-sandy; brownish
yellow (10YR6/6); quartzose and micaceous;
^[1.1 m].
FINE TO COARSE SAND with granules
and pebbles; light gray (10YR7/2);
quartzose; [ > 0.6 m ] .

REFERENCE SECTION 39 - Deltaville quadrangle;
Zone 18; 4,156,780 m.N., 380,670 m.E.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DESCRIPTION

ELEVATION

24-

FINE SAND, clayey, silty, with cobbly,
coarse sand at the base; yellowish brown
(10YR5/6); quartzose; sharp basal contact

22-

Qts

[3m].

1816*
14-4
12-

10--3

CLAY, silty, with shells; gray
(10YR5/1); glauconitic and quartzose;
[ >4.6 m ] .
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REFERENCE SECTION 40 - Mulberry Island quadrangle;
Zone 18; 4,099,260 m.N., 358,420 m.E.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DESCRIPTION
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SILT AND CLAY, fine-sandy; gray (10YR5/I);
[0.9 m].
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SILT, fine-sandy, clayey; gray (10YR5/1)
mottled brownish yellow (10YR6/6); micaceous
.and quartzose; [0.6 m ] .

« T y .5 - K '/C
^

INTERBEDDED FINE TO MEDIUM SAND with
SILTY CLAY; gray (10YR6/1) mottled brownish
yellow (10YR6/6); quartzose; beds range in
\thickness from 7 to 30 cm; [1.5 m ] .
FINE TO VERY COARSE SAND, pebbly; yellowish
brown (10YR5/6) to dark reddish brown
(5YR3/5); sharp basal contact; [1.2 m ] .
SILT, clayey, and FINE SAND with abundant
shell fragments; bluish gray (5B5/1);
glauconitic and quartzose; [ > 1 . 5 m ] .

4-

REFERENCE SECTION 41 - Benns Church quadrangle;
Zone 18; 4,092,070 m . N . , 357,940 m.E.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

ELEVATION
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FINE TO ME D I U M SAND, clayey; yellowish
brown (10YR5/6); quartzose; [1.1 m].
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MEDIUM TO COARSE SAND; yellowish brown
(10YR5/6); quartzose; [1 m ] .
FINE TO MEDIUM SAND; light brown (7.5YR6/4)
to red (2.5YR5/6); quartzose; [0.3 m ] .
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MEDIUM TO COARSE SAND: white (5YR8/1)
to reddish brown (5YR5/4); quartzose;
trace of organic material; [1.5 m ] .
COARSE TO VERY COARSE SAND, pebbly;
pale yellow (7Y8/2); quartzose; [0.4 m ] .
FINE TO COARSE SAND interbedded with
CLAY and MEDIUM TO COARSE SAND; yellowish
brown (10YR7/5); quartzose; beds range in
^thickness from 5 to 20 cm; [1 m ] .
FINE TO VERY FINE SAND; light gray
(10YR7/1); quartzose; [ ? 0 . 9 m].

REFERENCE SECTION 42 - Princess Anne quadrangle;
Zone 18; 4,076,800 m.N., 409,940 m.E.;
(after Oaks and Coch, 1973).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DESCRIPTION

ELEVATION
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^ / T l N E SAND, silty, with indistinct
clay laminae; grayish brown (10YR6/2);
quartzose; [ 1.2 m ] .
iNE TO MEDIUM SAND, silty; yellowish
brown (10YR5/6); laminae of heavy minerals
between 0.5 and 5 cm apart, dipping 15 to
25° W; sharp basal contact; [0 to 1.2 m ] .

FINE SAND, silty; yellowish brown (10YR5/6)
mottled gray (10YR5/1); quartzose; burrowed;
disturbed fine-sand laminae; [0.9 to 1.8 m ] .

4

21

FINE SAND with shell fragments;
yellowish brown (10YR5/6) to gray (10YR5/1);
quartzose; shells include Ensis, Noetia,
Busycon, and Mercenaria; upper 0.3 m
leached; cobbles and pebbles at the base;
sharp basal contact; [2.4 m ] .
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FINE SAND and shell fragments, with pebbles,
cobbles, boulders, and nodules; reddish
brown (10YR4/4); clasts consist of
phosphate,chert, quartz, quartzite,
greenschist, and siderite nodules; shells
are Rangia, Crepidula, Mercenaria,
Glycymeris, Ostrea, Carditamera,
Astarte, Dosinia, Crucibulum, Noetia
limula, Corbicula, and Argopecten eboreus;
also, crab claws, Septastrea, elk antler
fragment, and walrus bone fragment;
.1 to 3.6 m ] .
FINE SAND, silty, with shell fragments;
gray (10YR5/1); glauconitic, phosphatic,
and quartzose; [ > 1.8 m ] .

REFERENCE SECTION 43 - Norfolk South quadrangle;
composite of exposures from Yadkin pit;
Zone 18; 4,068,700 m . N . , 377,340 m.E.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DESCRIPTION

ELEVATION
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14-

SILT, clayey; gray (10YR5/1);

[1.8m].

Q tl

12 10 -

FINE SAND; light gray (10YR7/1); quartzose
and with heavy minerals; [ 3 m ] ,
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MEDIUM TO COARSE SAND; pale olive (5Y6/4);
quartzose; [0.6 m ] .
FINE SAND interbedded with SILTY CLAY;
light bluish gray (5B5/1); quartzose and
micaceous; heavy minerals and shell
fragments present; [4 m ] .

-10---3
-

12--4

-14-16-

CLAY and FINE TO MEDIUM SAND with shell
fragments; bluish gray (5B5/1); [ > 6 . 4 m ] .
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20-

-

22-

--6
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REFERENCE SECTION 44 - Kempsville quadrangle;
Zone 18; 4,069,860 m . N . , 393,880 m.E.
(after Oaks and Coch, 1973).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DESCRIPTION

ELEVATION
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10 -

Qtl
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MEDIUM TO COARSE SAND, silty; yellowish
brown(10YR5/6); quartzose; [1.2m].

-5 -

-

FINE SAND, silty; dark gray (10YR4/1);
quartzose; [4.9 m ] .

10 -

-15-

COARSE SAND, silty, with scattered
pebbles; brownish yellow (10YR5/6);
quartzose; [3.4 m ] .

--5

Qts

20 -

CLAY, silty to fine-sandy; dark gray
(10YR4/1); [6 m ] .

-25-3 0 -

--10
-35-40-45-

COARSE SAND, silty, with some pebbles;
light gray (10YR7/1); quartzose; [2.7 m].

-55-

FINE SAND, silty, with shell fragments;
greenish gray (5G5/1); [ > 3 . 4 m ] .

-60-
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REFERENCE SECTION 45 - Norfolk North quadrangle;
Zone 18; 4,084,840 m.N.; 387,860 m.E.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DESCRIPTION

ELEVATION
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SILT, clayey, organic-rich; brownish
yellow (10YR5/6); [1.2 m ] .
FINE TO MEDIUM SAND; brownish yellow
(10YR5/6) mottled gray (10YR5/1);
juartzose; [0.6 m ] .
\Y, silty, wit h fine-sand laminae;
^dark gray (10YR4/1); [0.6 m ] .
FINE SAND with some CLAYEY SILT; gray
^10YR5/1); [ . m].
FINE SAND; yellowish brown (10YR5/6);
[1 .8m ] .
SILT, clayey, with fine sand pockets and a
trace of plant detritus; dark brown
(10YR3/3); [ 1 . 5 m ] .

-15'
'— 5

FINE SAND with a trace os silt; gray
(10YR6/1); quartzose; grades downward to
fine to medium sand with clayey silt
pockets; [6.1 m ] .
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FINE SAND with shell fragments; grayish
green (5G5/1); quartzose and glauconitic;
[ >7.6 m ] .
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REFERENCE SECTION 46 - Bowers Hill quadrangle;
Zone 18; 4,070,070 m.N., 371,040 m.E.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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ELEVATION
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SILT, fine-sandy; gray (10YR6/1); quartzose;
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VERY FINE SAND and SILT with shell
fragments of Crassostrea virginica; dark
gray (10YR4/1); quartzose; [ > 1 . 5 m ] .

-2J

REFERENCE SECTION 47 - Yorktown quadrangle;
Zone 18; 4,119,175 m.N., 370,525 m.E.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DESCRIPTION
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FINE SAND, silty; brownish yellow (10YR5/6)
to gray (10YR5/1); quartzose; [2.4 m].
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FINE SAND with abundant shell fragments;
greenish gray (5G5/1); quartzose and
glauconitic; [>2.7 m].
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REFERENCE SECTION 48 - Newport News North quadrangle;
Zone 18; 4,106,940 m.N., 373,405 m.E.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DESCRIPTION

ELEVATION

Qtl

CLAY, fine-sandy, silty; dark gray
(10YR4/1); [0.8m].

FINE SAND, silty; yellowish brown (10YR5/6);
[0.2 m].

FINE SAND, silty, with shell fragments;
yellowish brown (10YR5/6); glauconitic and
quartzose; [=*0.9 m].

REFERENCE SECTION 49 - Achilles quadrangle;
Zone 18; 4,133,350 m.N., 369,620 m.E.
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DESCRIPTION

ELEVATION

ft m
16 •
14
-4

.'v Qtll'v

-.3
*2
J

FINE SAND with some medium sand and some
clay; yellowish brown (10YR5/6); quartzose;
[0.9 m].
FINE TO MEDIUM SAND with some coarse sand;
yellowish brown (10YR5/6); quartzose;
J0.3 m].
T ine SAND, silty; gray (10YR5/1); micaceous
and quartzose; [1.2 m].

•ViyV:':
FINE TO MEDIUM SAND; greenish gray (5G5/1);
glauconitic and quartzose; [ >1.2 m].
••

REFERENCE SECTION 50 - Ware Neck quadrangle;
Zone 18; 4,147,430 m.N., 371,060 m.E.
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DESCRIPTION

ELEVATION

ft m
in.
i
U -3
o ;•••.•I-?.;

86-

-2
•O. *-*. 0%
•' .••o*»

4-1
2-

..

o- -0

:. Qts *.
• * % •. *
*. * * * *

-2-

FINE SAND, clayey, silty, with scattered
pebbles; yellowish brown (10YR5/6);
iquartzose; [0.6 m].

. •*

FINE TO COARSE SAND, pebbly; yellowish brown
(I0YR5/6); quartzose; [1.2m].
FINE TO MEDIUM SAND, clayey, silty;
yellowish brown (10YR5/6); micaceous and
Sfluartzose; [0.6 m].
FINE TO COARSE SAND, clayey, silty;
yellowish brown (10YR5/6); quartzose;
[>0.3 m].

REFERENCE SECTION 51 - Deltaville quadrangle;
Zone 18; 4,158,920 m.N., 381,770 m.E.
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DESCRIPTION

ELEVATION

ft

m

'-3
iV.Qti
4

-2
-1
•-0
—1

rr: p-

^

>; Ty r
■<r>. .

FINE SAND, clayey, silty, with isolated
pebbles; dark gray (10YR4/1); quartzose;
^[0.6 m].
LNE TO COARSE SAND, pebbly; dark gray
^10YR4/1); quartzose; [0.5 m].
FINE SAND, silty, with heavy minerals; light
gray (10YR7/1); quartzose; [1.2m].
FINE SAND, pebbly, with heavy minerals; gray
(10YR5/1); quartzose; sharp basal contact;
^[0.5 m],
tNE SAND, clayey, silty, with abundant
shell fragments; dark gray (10YR4/1);
quartzose and glauconitic; [>0.6 m].

REFERENCE SECTION 52 - Achilles quadrangle;
Zone 18; 4,128,580 m.N., 368,840 m.E.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DESCRIPTION

ELEVATION

ft m
12n

Qtl

10-

Qts

-

FINE SAND with isolated pebbles; yellowish
brown (10YR5/6); quartzose; [1.2 m ] .

FINE SAND with some coarse sand; brownish
yellovi (10YR5/6); quartzose; [1.8 m ] .

FINE SAND with abundant shell fragments;
greenish gray (5G5/1); quartzose and
glauconitic; [ > 3 . 6 m ] .

2-

1
-4-

6-

-

8-

--2

REFERENCE SECTION 53 - Newport News North quadrangle;
Zone 18; 4,101,270 m.N., 376,680 m.E.
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DESCRIPTION

ELEVATION
ft
18
16

m
FINE SAND, silty; light gray (10YR7/1)
quartzose; [0.6 m].

•5

14

12

'•o.o

FINE SAND with lenses of pebbly, coarse
sand; gray (10YR5/1); quartzose; [2.4 m]

Q tl

10

SILT; gray (10YR5/1);

[4.3 m]

Qs
-2

FINE SAND; gray (10YR5/1); quartzose
[ > 5 . 5 m].

REFERENCE SECTION 54 - Newport News North quadrangle;
Zone 18; 4,099,380 m.N., 374,260 m.E.
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DESCRIPTION

ELEVi

20-i

CLAY, silty; brownish yellow (10YR6/6);
[3 mj.

15-

Qtl

10 -

[0.6 m].

5-

0

MEDIUM TO COARSE SAND; yellowish brown
X10YR5/6); quartzose; [1.2 m].

- -

FINE SAND with shell fragments; yellowish
brown (10YR5/6); quartzose; [8.5 m].

-5-

Qts

10 -

-15-

CLAY, silty, organic-rich; gray (10YR6/1);

--5

20 -

-25SILT with shell hash; greenish gray (5G5/1);

-30--10

REFERENCE SECTION 55 - Edenton NE quadrangle;
Zone 18; 4,008,140 m.N., 356,360 m.E.
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APPENDIX
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B - STRATIGRAPHIC

CROSS-SECTIONS

Tabb Formation, Lynnhaven Member
Tabb Formation, Sedgefield Member
Shirley Formation
Windsor Formation
Chowan River Formation
Yorktown Formation

CROSS-SECTIONS

ARE LOCATED
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*
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ON PLATE I.

CLAY

SILTY

SANDY

SAND

SILT

SAND
:W.y.

{E /yj Coarse sand
*^3

Wood fragm ents

Fine to medium sand
^

Plant d e tritu s

Pebbly, fin e to coarse sand

Fossil shells

Cobbly,pebbly, fine to coarse sand

Crossbeds

Peat or o rg anic-rich deposits

Borehole
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